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L_flj^)l*J j 4^<aAL<a • 

^lc> L_fl^)*Iiil A j > n/i^)ll djI^Lall • 
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JaUVI cJuix -aj • 

L OjU^l’Al Q 
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(U aill Bayes jlj5 SAcIi 

A^atxll AlL^ll ;S^qlua<all dil^Lall 
^jjil^a ^11 c. q/n^jl 
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L_^|jj^aVl ^Asu AlLa. jljflJI ^ j (Jlj^ tdj\ q 
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A mhi UI AiLSll A^llill AIIaI! 
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?tA j-oil! jUH] O 
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Gaussian o 
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Bayesian Aul^V 1 • 
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Widrow-HOFF o 


^Jaull 4JI 



(SVM) A^a A$ j gJijJI aJ 

a! j*A\ - ^ joiaJl Aaa^^jI 

(^UVl l 3^-4 l) 1 ) ^joi^JI Aia jjl^. o 

C5 iJijll <jlalg.ll 

Novikoff 

^Lnll (Jjlxull 

^c.Jl Aa.jA a!V JjVl Ajj^aLaJl ;A;i^.ljJjyi O 

A ^jj q 

djl jaaII s-LjaS ^1*5)1 

dj| JJa]| £-Ljsi9 £A O 


j| jjaII ^.Ljaal ( 


iJall la-Ja^lill 


X jl-;!*-*!! (jlatgJ 6 JjuiIaaII Aja jjl 

JaJjuull L_JJj£ill 

A-luiluiVI C1 jU£ja 3I ^nuVill J SjdJ^ll £-kkl) 

. SMO A^ judL^ jl AjUoVl (JjSaj 

A^. Jgjl JJJA*1 
jJU L_J jI^a'I ^fijll JJJAJ 


l_ 4]I ^iLj <1 jI jj^jl £.Lja3 

Mercer 4 j o 
c-jUlVl <£J o 

c-jUVi ojj^ 
44J' o 
\ m \W Al^JUdA 
(Ja1^a]| ^Axlill 
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^ ^ \ A ^ \ 1 
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^ ic-Vl (JaaI^JI ajujLq 
(aJjaVI QUnVill Aj^laj 
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^uuqlll AjLIsSI ^ ASU. 

l QjUUl ^JjIaI^JI ajujLq 

o 
o 
o 
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L ** 4 Q ^ Ws 

o 
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(jlalgJ! 


Bayesian ejl£^ 


AaJuSa 


<> .jjji Jiiik-V' 

(liLal jaJI) JjLull 

*Ujyi 

Aj^lxil Bayesian 

JV.si-.VI 

(JV^ixuVI ^1 J ji O 



£■0 o 

4JatqJI jj! • 

Sl£UJ • 
lW ^ J*j • 

^n.Vg'l dlbjVI • 

4 K • 

^UuaVI Jalaj jLiikl • 

dl^jl £-i j-g£} 1 (Jc. L-fljxllI • 

L-U uLLq Juixiill Q 

4_Ld O 

^Aijb (^j]i i^ou.yi o 

o 

^ j\\ix>\ 1 *LaJlx a\\ o 

Ja^' o 

L< ^ A\ j q 

^JjjLojVI • 

djtxJ^All (Jfllj (JdaSl 4 q 4 t->^ ^L^jj O 

4jLuo]| ^Jjdlll # 

JaLlI g^jUa^ Q 

4_ijjj^j 31 0jUi3l o 

djl ^iTvunVI o 

Ua4]l • 

(JjdJl) SjSjll <J-alc» o 

4dialaJl djlihl ]^a\\ dl^kl Q 

4-ui£Ua31 • 

^jlll o 

cjUUiLujVI o 

?' j*Vb JjjaUI • 

L_flJ^)lsu j 4 _-qJlLq • 
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o 
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^ \q a i n /\ \ 1 ^ ^ \ ^ i ^j| A s\ ■**. a 

t Luildll (J^ldl t flldbVI £daj 

(_gjlxjui (J4J t flljlAVI ( XjJaj ■ 

*ldj <_£ jlulft ;L_lljdll ■ 

^ q ^ i ^ ^ \ | 0 

l_sULu^VI 

A_xAjl 1I dll jladll • 
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AdUa-a Jalli Cj^\j (jxa jbuVI AjjVLj (A j* v>» jll^ Ad jjl Q 
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g; jjhi«\t cJ^JI • 

.L-fldxdall (J jjldxtH L-lljiLllI jJjd O 
(J jjldxtll (. <lj» x>>\! (Jdll Q 
£J jVI Jalaill ji ^ j jx^jl O 

Ai jLftll jjj^all j jjddlll 

jjjdill A_i1aC. (Jj3 Aj jLftll jjj^all Adddl A_^Jl*^]| • 

Aj jLftll jjj^all jjj a) £_£^L>4 • 

jjjdi JjV^ Ad jlll dAjjl^V! (jLftxd.nl • 
Adlda (JjVd Ai jLall jjA^all jjjdi jdtj Ai^jtLa q 

Ad jlll ^Jdll CjIjjI^.V A_J,ild3l d^jdill • 

j-lldj Jj^dx£ R/B Ajjaiill ^t.VVurt) • 

Ai jLall JJJ^II jjjd J A -s ft » x> (JiLoixi Ad jlll dlljj|^.VI ^Jd d!/Lijdi ^1. 

Ailld* Ad jl d\jj|.ld ^ld ^bd*u J Ajllati AijlLi q 


dbj£l Ai jiftll JJ^II , 


qj u«d j A ^ ft x a ^»Ud 


jjj-dll JiV^ d.idi • 

jUj£ c. A_lg jjl jd • 


^1. 

^dll dlljj£ ft fcrt-s A_La jjl jd • 

jbjill i qju^-il c q.^j Sdlftll l_j jLdill (jdxj £tiid • 


^^.1 J-ftll 



CjUUJI jl JjA-all ^A - 3 CjUjajLiil ^T.aLL) ^ALaII (J^ni^)! J 4judljAll <^A 4 _J jjojL^JI ^ 4_Jj^)l 

Lai ;^j4XA 4 a^ ; ^)jA*all CjLLij ^ja <C.^Ha] 1 4 m a\\ djLa^l*^a]| ^jL ^axj LdA ’’^Aj” . La jaC. aLuVI SAAxjaII 

^'"dtt ji 4^^_^-<ajl (jLajdjJdL S^jA*a ^3 4 _dtJa^ju 2 LVL^ 4 at Ajc. 4 (JLLa]| (JjJjuj LS^) (_£^)diJ (_)*didA 4 ^] * ^ 1 ™ u 

^allaj ^Axli ^dll Sjjj^all (djLLj ^j] # (1jjIa 4 tVun^t ji 4L1VI <C.La^]I 4 (JLLall (JjAjuj ^gic. ) dj^Ax]) (jAaXJJ 

(J£juj C. qj£j (ji t ■- >>jj ^j£jd La£ 4 jsj^l^a (_£ALa <djL^.^)Ali] 4 ja 3^) <^A (jt_i^.Vt uJfcl g-A 4_J jjaaLq^jl 4 jj^) 

4diVL ^jjA*a ji 4 ^jAjA 4_LuaLaj 4 ^^J^JJjoj JJJ ■• Li Vi (j-® 6 (JLLall (J^Jjuj ^Ic. ^ ^)J ^ ^ll fiAA Jia (JA ^)j£i ji (jLjl 
^Ac. SAlLui^jl (j^Jall 44 m ^ 4 _a^a (J^J SaIc. 0A^)d djLjajLiJt 44 _AaxJI 4_JjjojL^JI 4jj^) djllnJali ^)j£i <^A .aLuVI 

>c jV! AjI^Ja ^Ic. ^juLuj (.“iNUnl ^alidll 

^^)j^ajt ^ Q tt 4_Jj^) 4^aJaj| j A ^jj'vtt 4 _ 2 j^]| ^3 *4 4_Jj^jlj 4 t 4 ada^J ^jl Ljajl ) 4_j^jujt_qJI 4_Jj^) 

4_^JIxa]| 4_idJ ^ja 4 gAA J^nlaJ 4_ i<L£ <jc. ^-LLaj d^V4 ^j]|j 4<jujjjA^Jt 4 aV^^tt (AjLIjA^JIj jjoull 4 jaja^tt 

(_£a!I 4_Jj^]t ^Lls^j L iljuojj 4_joj|^p ^A 4(_£^)^VI 4_i^Ull ^ja 4 4_J ^ajdLqJI 4_Jj^) .4 a^-L^tt CjUj^Jjaa]) ^3 4-iJU-axJt 


^jAdll 4 ^^JjAa 1I L-fljlia ^11 > J^»* J dlliA > 4 ja3^)]| O^LujVI djL^JlxA ji djUjoaL^Jt 4 6 ^_^.Vt ji 0At^)ilt ^ (3f^ 

4 dll djliLiill 4 _^JIxa jA L_J ^juaLq^jl 4_Jj^)(J 4_jajt^^]| 4La^AC- 4^j£J L_J^jajt_q^]t 4 4_3 j^)1I 

4 ^ Vo% 4_1^juja^] 

^At ^ja 6^,1 j (j^J ^jna>*j ^A ^^JJAlillj 4 _^JIxa]| ^Jail 4 _AaxJI d A QjjL^tt X\t 43 ^ ^^jV 

^3 jLdVI (JIAiLujIj ^ajaJ Jj-Lidill j 4 -^JLxaII 4^aJsut /dLl^Jt djVl^A ^4 a^ (JlJajj 4^oillaju^aVI ^.l£^]l 4 ajt-laj 

^A-ilo jLalio VI (j^AJ ciL^judllj ^C-LaaII oJi^-^aj 4jm^) (jLaC>t Juid Jjo 44 ^jjjtJl (JaxJI 4 iJj^La 

4 x>^jj aIjLLaj 4J^±Laj Ia^Jj 4 ^i!a 3 l (JL^-aII ^ (j-® JuilL jLaijyt (jc- 4jt_nllj lAJiadS 

dli3l^)aJI (J ' dn-v ^4 r - j ) j ■- ^Ji ^ ^jt a^s La * l^i La£ >( X-i3l^!l]l dlALdaAJ j 4 £jd-aV ! <aj^oJj ^jjxJI 

4 a> j 444 jt_dafl]| jj^lt 4_AJaj| Ia^J La£ # 4jj^aj djliLa ^Jl ^djLal^il ^ (S J -^- 3 4 ^^^ 6 ^)ji>^n\l) 

gJ 4jt_j 4 (_J djLal£j 6^A ^t^VuuV 4 a£aa 1I djVL^All 4. ^]j (J^^ 3 ( *— 3 ^ . .t-j3l^j» 

La£ ^A j 4^)in^j\t ^I^JjaL jLudVI l^_J 4 _^i 4_fljlia ^]| (j£ 4llLaji (j^-aJ ^LaJl (JaxJI j ^jLudjyt Ajc. ^ (Ji-^- 
^U3 4 a.uu 3L J4j£ cJ^d (Jc. 4ill^A3l 4 . Vit ]o jit ^iili ^ jLdVI ^LaliC'j 4_!ud Lj oa. 4 !^. 6jjj£ UILa 

4^ajaa]| 4 > 41aA j (jjiLoUJ^) ^gJt ^tuVn jjjaMI j 4_^JIxa 1I 4 A> 3^aM ^jl 4JJ^\1 4 ^ \t 9 A La£ 

jjnl Vij U ^^lVl J 4JJ^'t 4 _^JIxaJ 4 K<rk\ ^\t djULaxit ,\iqVl ^A 4 _^JIx_a]| 4 a 1 ^A (jj ^ 3 4. ,% Qjjdlit J 4_^JIxa]| 
) yj X 4* % n^> 4 ^JJJaM\ <A^VLa 4 _^JIxa]| (jj ^ 3 .^JJ^dalt 4_j\j£]t (Jjj^aallllj 1^_^,^)JA ^ali J 4l^_AJA^)J J ^)JJAalt 

4 \t y a 4_1Laa 4aIj ^jj^alt ^jj j di 4_fl^)xj > 4 > it't^ll t^A ^ J^da ja ^jj^Uu ^jjJ^aMt 6^)ja^all ^I^C-V da 

^.t ^gJt 4Jc. L_fl^)xii3t ^I^a]| ^jud^Jt 4. <aj n^\i ^Ajud j£\ jjjAjlt JjV^ 4JlL l_u£Ijj Jt 4 j'v^u't jjjL-alt 

t , JojJo^Mt jl /j ^Ixjll 4i^.^)A ^ 4_1£ju1a]| 4. qtu^iVI 
4_Jac. j^ii ^qVi-s.a't j t^. ojjii^lt jjjAjlt ^^La (j jj ^gjudLajyt 4_flViikyt ^a jjjaMI JjV^ 4x.ja^-a jljiki ^fisu 

^ J).1.ldl\t J 4_^JlxAlt ^aUaj 4j3|^ja3A J jJjAA Lili t g » Xl'N 44jt£At J ^JJaIiII (JjV^ ^)t jl^kj 

4lj|^ j ^4^)t (J.auiJ jjjaMI j 4_^JIxa]| 4_AJajV pistil ^qj]a ^li Jaia^alt 4 _^JI*_a]Ij ^aLiJl 4_jLi£it 4jt_iJ La£ 

^^A J 4-jjgUJj 

^Jt Jjda ^judLa 4lj ; lAt^ (jLk^yt jt-^-^ (j-a jjjAall (Jt_k^L — jjA-alt j • 

.(J.^dlit ILa ^1 ^.L t g ]aq«s j 6 ^)ja^ail ^a 3^)H (JjiLajlt (Jj£jaJ j 4 UtiLaJi 


t .ftjji^ill 4_iO jj ^uuVtj ,^]1 o La ^t-^-A -4 J v\l^ait 4 -^JIxaII j • 

• 4JU3I 4. Vit ]n j3L ^a j£i j 4 jjJAjll j <jJI*_a 3| ^aUaj 4_J3 ^)flsd — JJJAjlt 6^.j • 

. jLL^aII jjJAjlt 1 AdA ^gJc. jldLudVlj JJJAjlt JjV^ <C-JA^-A jLlkj O 
^ J).1.ldl\t ^))>«ot ic.^ JjVdl 4JtL S^JJJAalt 4 j Q 

# fi JjJJAJ j!^)aJ 1 4 a^t Udt ^jjjIxa ^aJ3 4 _jLa^ Q 

# <djLLnll Ac. t j3 4A^'S < a\t ^ALajllj 4_x^at_iJt 4 <ajq\t oAA AljtJaA q 

^At-Aill 4 x.ja^-a 4. qtu^ii A^.t Ji ^ajud^Jt tAA ^jL^JL dki q 

.i^4 £ LLdll ^ali j£\ (djLLnll Ac.tj3 — SA^. j • 

^A ^)±lxJj J 4^aJUd]| 4^AJUd]| 4^Aai]t \ ^JAA^Jt ^JJjj -OLdVI (_^a! (djt_A ^IxaII (J^IAa ^)J4XJ 

^ic. Iaa 4j1 jilt aUa) j ^lAlLudVI j 4AlljAyt j jj^qMt ^jc. (J jjjudAlt j 4_1 ^.aa]! <djLa^l*_All (JI^aII ^judd^lt ^IIxaII 



liA ^Jaxj jljll Jal I jl jjc 4liA cilljiVI AuIaC (Jaxll jjiJ JxJJ Iaj3 AjaIxII Cilj Jaill atijjj 1 a (JaVI 

lg_J jj Jj V 4-3 jls ^aj (jji^lj jjl (j^ I Jl£ J lilji iiilj ;Ajll3ll AaJj£J| CiLVI 4-3^^ ^aJcl 4ilj 4 -Jail jjill 

C-flljcVI) jjM * \\ ^aA (iljljl (JjJa! ^aA (Jj ^atxiVl^ (iijljl ^4 jjy.AuLj V jlil ^ajj tg_J jjjo^aJJ V jjcl ^ajj 

Ijjjjaj ^lk\ 4(36 ^IjjaVI) Vjjaa AJsc- J£ ciljljl (J^ iljillj Jl j ^ajuJI jl ^alc Aj dll jj Ia c aaj Vj 6 (^179 

J jl' M ^5^*1 j£lj jl^ajVI ^gAXJ V l^jla J j jy . Au L j jlil jl lg_3 jjla*-3 4_JjlS fj jj^3 Ja jVI J 
<LuiL^. 4 11 k<~x\ jiixJ jill 4-L^. j Ail JJC liA lijtj£ L— 1^4 jjJajA L—3 julJ A jakill aiA jl £Aj (46 0^11) jj-l^all 

Umj .Ci^'v'ull JIaJ j)A %90 J 4 4 - 2 - 1 ^. 4 jj£VI 4 AiLja jc aI^JaII 41jIajAxa 1I AAui j)A 4 jLuiVI (_£il jjaijII 

4 ^cl n«o\l jjaJI ^jjJqja Jc j£j jl^uiVI lJ 4 iilil .(JJ^-Vl AjujVI (JjjIj^II Jc Aj^LJI %10 -11 ^JjJJ 

1 g juoaj A n»m jll Cili^jll jj^aj j)A A^JajVI aiA jj^JJ /ojj]^^\l A_iC. LL^all Jiill 4 a1ajAxa1 ^uiLui V I (J^IaII aJxJ 
Jalalll S jgj 4 £JUa1I Aj*J 4 JjjJall ^jujIaII 4 jJjj^aiil CiVt£ ; (jL^iVI CjI^^j tg_33 i^ifl # jLuiVI I ^£JaJ Jill 
Jl AiLjaVI-3 .Igcl j3 1 4 . qVi4 xn Sj^lill CilJi^jj 4(JtyAll^ Ajj^jaII aJLlaII Si^j iai Ia£ # jjlill cCijj^all 
cAI^JIaI! CiUajixAll Jjkjj AjL-all $.1 j^.VI Sjlil jjC- aJjjjuja jilau ^^^11 j4l iai AjL^all $.1 j^.VI oiA (J^ 

# (J^JI CiU.ji^4 ^J! (Jjj^a jll I^JUaj tl^ij jii 

CiliUJl ic>l j5 (Jj£juij JlkiL Aj^al^Jl CiljjJaillj j^LiAlIj jjojujVI ^ x> ^ic. A njx> CiLiShAjjJl oiA 

(J^Vi ^1 J^lulV CiLQjlxAll A^JlxA il$ ilul^J C. V ^ 1 CjIajAxaII A^JJLLaSI A^JIxaII (CiLdjlxAll (JjilAi cCilAjixAll J 

JjlAjtA 4jlul^J CiUajixAll A^JlxA 6(JjVill AJtii CiUjjixAll <A2k,JJ t^NUi^ll jJJ^H 1^4° LT^ il X>*ic>yij jUAill 
t (A ~n jVill^ jljail ^UaC.|j (Jj^ill A^jUaA cAjjILlaII aJLuiaII n>i*\ Ia jl n^l i*j A^UoaII 

C-ajjlxlj ^jjlill L_aj3U ^LoiLoJ LjtSlI li±3 # jjj^all jjj aj A ^IVil jjjiaJ 4-ll^£Jl 1-iA ^Jasu 

jliilj ^luoaillj <. <ij jj^aill ^I^aI A^jUoaII jjjIxa£ A A^hi^ll JljJl ^^Laj ^Jl (Jall3 ^I^aI^aj I 4 X.I jjlj ^aJaill diA 

Aa,^1ua\I j tAi^AAl! jiAiil (JjVi jc- aJaLjj 6j£i ^Jaau > Vu^ill <il!i jl liA ^Jl 6 jjjaj iljAll ^ajui^Jl ^.IajjLj jljall 
axJ jc- (Jj^^aflAll ^ Jjudll ^Jl (J 5 II 3 . jn^Ml (JjVi jLii^V Aa.^ViuaII ^jjqMl jjjIxa ^jiajxJ Ia£ 4 jlAill A x>)o 'll 
jx-ai*£ (JIajlIujI Ajqj^ (Jjj^aalj ^jJajJ # Ai jIaII jjj^all jjjaIJ aJaxJjuaaII jlAill ^jiljA I g nj j)A j jjJ^Ml ^jiljA 

.JUaII liA ^ 4JjL^i3l 0jlil3 ^gJaxJj 4 JJJ^II AjsJIsa 4 jU£ ^ A^. jjjuaII A_i jlll Ci!^Jjai3l ^ali^lujU 4 jlAJ 

A m a (JjI.ui.aj A fut a \l jjjaIJI A aJojI j^i» j jy xm ^ jili 


jlalkVI j ^nVill jjjUa ^JjaaUI JjLua j-Ja j 

^1 j CiVI-^. jl ^aljud^.1 Ax.ja^a ^gJaaU C. :> n^k 4 JJ^ j A -s \\ y x> ^aUaJ (jV A-luiluiVI AAlla jll jA jj ^lll j 4. QJU^iMI 

Jgjlc. L-Sjxill c q,^ ) c. qju^il j ^juiql Jl ^li^o 

;CiVUJ! jl ^al u^VI oiA j)A M (jiajliijl 


4 ^al ui^VI <CjA^A ^2 c>% 2 J^ 4 Q = { wl, w 2 , ... , wM j 

Ac. ja^aII Juiaic — Wi 


j^Aj lg-uiluil Jc. Jll J 4 X = { xl, x2, ... , xr } (j44^ Jj^i) j-aljiJl <Cja^a Ujikl lei 

J151I Ac ja^aII Jl Ac jA^jl ^juiq'i 
1 

C = { cl, c2, ... , cl }, ^Cifl cj <> (f) V ioj H U Ci = Q 


JJC. aJL^Aja Cilc ja^a Jl xi(i— l, 2 ,...,r) A1 i*a1I jjaaJI jVi ^abVuJ ^uiqn ^lui^.VI (?.Uiaa^ Acja^a 

jjjxiMl JjVi (jj^aj ciilAj ^jll ^ ui^VI Ac jasa (J*^ (. Vn^>\l ^jJa j qlu^l jl ci(i = l , 2 ,..., 1 ) AjcJalajA 

xi J4JA^3 <Iili jl 4 :, n^J 4xi jjJAjll JVi L^JJJJ^l^ j)A Ail Jl 6 jLaVI (JA ij^ liA # ((J-^jL^kll^ 


(JjV^ l g L&^ 4 juJ diLa^ix^]) £jC* A qVl'Vxi AiLaJl j! ^ajui^Jl ^jC- djLa^ix^ (J-A^jjoj 
A gVi'N^ c <al n^>i ^)dl ^ \* a\ i^nxull a qV^A *\\ <dl^LiidVl ^Ic. d xmc.VIj ^Lol^VI Acl j A y d <* ^-jjuaaj ^Ac. 

4 \^A\ JalUll '*\ ii'^VI e-LjaS > wa Xa {o^ _>J^) jjA^ cJjV^ as^ jUk] >-aj . Ci 

4 luiill ^Lud^Vi Jalij ^Jj <~- L-J^l (J£ju 1 j ^J^»* dll J L_j^)kj l^xkj (jl L— LaJ C W lj (, Ou^ ^Lud^V 

aJA (J^niaJ # lg_ilJ du3 ^3^4 jV J 1^43 ^Lud^.Vl C aljj^aVl ^jl ^jUj L_L^J cilli£ >(- £>.Vl C aUj^a^j 

> ^llxull (JjV^ As* J)&y& ^LiLktj ^ ^ ^ A Wj ^jjdlllj 4 -v\l » A\ 4 ^lVil ^gic. (j^ajL^adll 


4 Q A U^\i ^^jjjULq^ ^jjjtxxa ,{ \a jmj (JjV^ As* j^'vxA U^)LiLkj ^-LaJ ^jjL (_£,A]| ^ ^n^ll ]| 

]4_lll!ill djl&x-al ^ a!1j jdlU. jl (j-LQjua^ j^j±l 4_juiall A W ^ AJlj 

L(wi,wj) ^ 0 ; L(wi,wj) = L(wj,wi) ; L(wi,wi) = max ; L(wi,wj) ^jiji V i. 


<c. ^ J&\ a 1 x 2 j Jx^al x = { xl, x2, ... , xl } Ac. Aib^lallj (_)^j a1Luia]| 

C.VU1! *tdaa > Si ilLJl g!l**ll E i yd\ wi ^ lij X* = {x*l ,x*2, ... , x*l } u-l >11 

; A_iillill Jaj^)jud 3 l 

L(Si,wi) > L * (Si,wi) j L(Si,wj) < L* (Si,wj) V ioj , 

‘X 4 r. r .'. A Jc. Wi.’] j 4 Q'l U. *\l i'l ja 4 c t4jlj]l — L ‘ 

*x* ^Ic. A-<Uxjj 4 Q j\ \~*a\\ ^jjjLjLo C 64_ll^ll — L Cilia. 

(. 1a J)jj ^lud^VI ^lc« AxUSU ^ \* A) (JjLabd ^ jj LT^ (jl ^jJal ^]| (j-d 

# L_ 1 J^)^j 3 I <L^)laJ Ia jUlkj aJJ yixill JJAxull (JjV^ J^>] J 


L_flJ^)*j Aij^)Ja ^)Ujc.V 1 (J4X-J 4-^J ^la^V id jll (^yaj£* ^\\ x *i L L-lLotaJ tilliA 

^jnar^ AljUa^ll 4 _ll^ < A 1 j 1 )ox>\I ^jjjUL <4 ^jC- J)JJ^Ml <SLoia]| 4 ji > ^1 ^ j A I'v'utl dlVl^ll 

LaK ^) 4^1 4 _llx 3 c. <al n^->l ^aLud^Vl As* ^>> 1^*1 4 _i 1 ac- ^ <al n^->l ^Lud^-Vl As * *> »Vil 

^j^Vl ^*11 AljUa^]! ^jjjULd 

L(Ci,Ck) — >■ min, L(Ci,Ck) = inf { L(wi, wk) / wi 6 Ci , wk 6 Ck } . 


(JHaII (J; 11 juj ^lc« cJi (j-® j ^l^‘uul c_ flljj^aVl (j 4 J a 1 j\ ]qx>\I ^jjjULd 

c. t UtiVi (^ (. Vn^>" j P G ^ ^ A JoVill Ai L ula] I 

dl(P,C0) = inf { d(P,M) / M G CO } 

• c. qln^VI AiLobdl 

d2(Cl,C2) = inf { d(P,M) / P G Cl, M G C2 }. 

*lil Ci l Vn^-i'l ^1 ^ a \ *ij \yi (j! 

dl(wi,Ck) = minj dl(wi,Cj). 


tilli j jaixuII JjV^ aJojujI jj c Vn^i c_l^j u <al n^>i ^Lud^Vl Ar. ^uuVi ^xj 

(J^ Ai ^3 (j - ® . 6^1 LqJ Si ^JUd^Jl A_ill ^ *1J c. Vn^>\l 

.Ci(i=l,2,J,l)^- 

as ^ jj ^ a . j Ci c> wi j tdjVUJI Ci = { wl, w2, ... 9 wk } 

^ Xwi = { xli, x2i, ... , xri } 



xl Al xil/R^ x2 Al = ^ xi2/R,...., xr^^J] xilrR. 


i = 1 


i=l 


i=l 


x Ai = {xl Ai ,x2 Ai ,...,xR Ai }. 


(Jfllill ^}£^)a ^ic- A a^mll j 


Si Aibl ^ jjjLiLq ^jjxa *> Q n<ol ^o^-ijAj ^I^jaII ^juo^JI) A s-LajjI 4JLoia (_)^j 

tit .L(Si, Ai) = max Lj(Si, Aj) tit Ci J\ ^ Si Jiilt ^ . (i = 1, 2, ... , 1) Ai **il*ll 
.d(Si,Ai) = min jd(Si,Ai) tit SieCi ^ <12^ AiluuJI 



;A2l2l J)jj xn A xtlVil s-lijj s-UjI ^Jaj ^21 AjjoiLoiVI ^ g a\\ 


t AjaLaJl jjaj (j^al (JaI£JI L_flj^)x!i3l 
aLol^U c 

# <JjV2i (j jj i^ii ^Uji 


(JjjjaIS d^)3 jJaII (j^al 6<iJj c. qlu^iVI (J5I cLaj 

# L_fl Uj^aVl C <al AIjUsaII ^LudSVl (JjV2I <C.JA^A 

L_flUj^al ^,1 OjA 1 2 ja3I aJL^JI /^ajud^Jl ^IaUjU jl^jU ^Ajaij ^21 CjLia^^I j-k J)\ 

.Ac- jx>'s2l 

# ^llAllI ^\ hit (JjV2I ^JjjjaIs j L_fl Uj^aVl 4 j. 1^2 L_flJ^)*j 
^Uaill Jaxj ^Vl" CjUajjI jjA 3 ^ 
<C.ja^jO bj)\ 2 (JaC- A J^al CjIja^^)I £jujjJ 
<J <JIaL>J Ajjaij jUlkl j£aj <2l*ill Cj!^aI*a£ # ^aU*a ^jjVi j ^Uaj <2l*i Cj^^aLxa jLiikl 

^gic. I^Uj Ujtjlkl ^aJJ ^aj2l # ^^JJaIiII ^aUaj (J^Jl s-UaC-V L_J ^UoaII (Ja^II “^ ajaJ A* ^ 

^Uaill I^J jjfl jl ^^jJabj £-i jaJ ^gic. jl (3flaA ^aUaj ^gic. C_JjL^j3l 


UfljJLlU 4 -UjjJJ j2| CjIJ^I 


dlli ^xj J^iLd ^j]| j ^Ijld/l! aLI|}Ij Aj.x.xlO jjJI AjjI^JI djIjj-^JI (jL .lid <^j]| AjjJa^all ^Jc. SdiLaiA jjjd'l Adali o) 

djIjjAll ^jIj (J^ill (j^4J 6^)jSI A W i (J^dj Q*^j k dj UUj (J4 £jiS (JSdlJ ^ULudJ O’ (j^44 C^-UaH JjUjuJl ^3 

• 4a 1U]| ^ M i ^ -n. \ 1 N i ** -v *^ j C-^^J A-LujJJ^1I 

(JaI jxJI ^ QjS ' ^Jj c^uaoJI 4 \ \*\ Jl'\ ' j. V W ^ oV WoQ (JaiI AjUSJI 4 _i 3 Loj Qjj.Vte a I^j^Sj o' L - ^ ) • 

.AjojJ^I]] (jAJtlLudj o' Q^) 

(Jldi ^a£Jj!iJ L$^ 0 ^ 'ij Uu 3 (. Q^SlI 0-5 J 44 ^ <JUU] lA^JC. 0 j ^4 o' U ^3 4 -lx.xUJ^)II L - ) ' J 4 a 3 ' • 

^JaJjuU) ^aUuAV' AjJsUa 

.(dijU C Ix^aJ (JSJdj) J4X44 ^JOl^Jl L_llSjJ UilJ Q U n Ujxxll J4XJJ O' lW jC- • 

o' jdp tJsL^J' £^juJ # A1jU]| djIj^Ul 0 P d±^jl (J4 ^4jS]| (J,AlJj (L-J ^C«^)A ^QjQ^J' djUd]| ^4 O 1 ^ 0)A 

di^ oIxjV' a_£>U 3I e La^bU ^IxjV' AdU5]| dALlI^' c^Jax^aj O' 4 _ulxaJI 0)4 4 jajullll djl Jja]I g^A (Jja 

Aj3 Iaj S.Vte a aIaIS d<t 1>1>N ^ dnnj\ U-^Jl o' LaS # ^)JjUla]I ojlA ^jJa^)j V AjS-UidlSil Clsl Jja]I 0-° dJlxJI 

Ajjlj l fl' t ** i > k <\ 4 Uj > ,'^ Jl l ' x\ i ^o\ i^ tSdulJ ^Ijld/U aLU dnxij is&J AjUS]I 

djlajLlaAll ^S] .&$ (J' *■ fljud£l' J SO^aI' djAxJ 0 ) 4 J C 5 ^' (- 1^5 (j' L - ^ ^ (_ 5 ^' L V I 

4 _ilaljJC.| L— lie. ja^> o.^qjr ^Jll djIO^J' U^)±ic.| lij ,'d^- SJiIxa Oj^ (j' l . ^ J 4 ^]j djIO^fij' 0 ^ ^ 6 ^,-lxl^jl 

^UJI 6^A .dj_)4 djixdll IaIiJ AIAI ^AJ 4 \d-v A\ ^ jJjola]! 4 _lH*J| djIO^A^' 0^ ( *- J 'd^ xi L>® 

0-5 l^^C-L-aJ ([gjsLi jl jliic.) V UjI US 6 4 jj 3 (JI c. c^<\i 4 _iLl 3 ^!aj O - ? J-® J 4 C- 

4 dlS lA 4dj ^io ^gic-V' 4 j^4jo1a]| 0 J)J-a]l djU^A^A JILaJj 0^ c4_^ljJol djlo^A^A (JUxlLkij (_U!! ^djldlSAV' 

dj| jlulll Jlkj dn-vj dll^V'j J 4 iLdA]| djUlA^JI 6 ^A (Jja .dl^l' jIqaIxuVIj (Jja 

(JUj 4 _iUa]| QUaII 4 dr- 0° ^ udS^jl J oJAxja]! djlljlJaAll ^3LdaV' QJ^ajII t 4 U^LaII 4 Utati 

> l^C.|jlj| 4_LaUJ^)ll djIjjAll o' 

(ja\ ji^\ A&jAy* jUill 


jiixj J JAJ JS 6^A L C-Ll^ Qjjdill ^Jaj Jj^iaj ^3 (JjLx.ua] I ^Al O-a Jjjaj]| JjV^ jUU] a a$a ^)flsd 

c4 JjjaIi]| (_£^Ua JjV^]' 6^A J^aj LaS # dllj jl c Vn^ill I^A ^J! oJjjaj ^I^aII ^xxi^ll ^Lajj] aw*' ^j]| 4_SI^]| 
JSjaJ jjAdJl ^aUaj 4_j3ld^3A J 4_jlxi AaIxj ^l^jljaludj “Laj^Ja j cd!>Ukb ^jUaII o^A C d n^\ 

4_i]lx3 j ^UJ ^Jl dl]j (_^^l oIa ^LiLkU Qj^^U US U (JS3 iQjjdiU S^jUSJJl (JjV^' A^. ls^ 

^^Ua]! ^Uajll 

4 c. <al n^->l 1 g » l_j j\L>x> d US Ul c** n^j Jj uxn -jJoaIc. jA ^Qjjdill 4JJ^ Ajj^aLqJI ^^_Sa 

JjV^ U o!^ ^^4^ U 9^>xji] l-j^IUaII ^a U j (_^^>^-V' c qlu^i^U L^jUdj] o' j ^ o'o^' o^ 3 ^Ud^.1 Aj'j 

Ua JaUijV' <>— fl^)su 4 _ii*_a]| JjV^]' (jjdSxil j (JjV^' A m x>]| JsLajV' . <>— ^jJC- ^Uj JjjaIi]| 

^ X XI Vi V L^jU ,^-J ^lil' j JaUiiVU JjV^' A3^)lc. 0)4 £«J J4 a]' O^ 3 ' Ul ^-Ax.xLj JaUijV'j JjV^]' o^ ^ J^qV' 

■-> t nxiVi\l a_ijISaI 0)4 dSUill o^4j Aa!!)l*JI 6 ^a 0)4 djlslildU o^ j ^ xu^VI 4x. ja^-a 

; Qjjc. (_ g-]' (J^ dj JjjaIi]| JjV^ ^JxxiAi 0 ^^ 

.Sjjx^iW (_^^)x^aj]| Jjl^MU L^ljUj 0^4J (^J' (_>^a' A£. ja^-a]| o^A ^Jasu ;A_ix_ij]a]| Qjjdl'l (JjV^ • 

# # (JSjud]| 4 ^LxjV'^ 4^ ^JajuJl tO_5^' !c 5^^' d' ll^j 0^44 JjV^]' 0)4 ^ ^ 4]' (^5 ]^- (JUaS 

^Ic. Ax^alSJl AjJUaII (j£ax J QiqVn AjIc- (J jx^o^ll U^4J cJjV^]' (J4 ^ ^ 4]' ;4_iC.Uiaj^aV' JjjaIi]| (JjV^ • 

c. <ajL> 4^ j]-ixxi]| ^jjj] ^j 1 x«o^LH JaLudAll ;^iUll ^jUjc-I 0^ lS^V^I' 04 ^ ^ 4]' (_g-]c. (JUaS t 6jjxn" 

^)JJ^)j3 (Jjj^k’lS (Jl j^]| (jiaxJJ (JjaaII S^LUV' (_^dd 

I g x>>» J 0)^ 4^]1 La]| ^1 xxl^kVI J44 -AJ A£.^)JLXJ Aj^Ua dc. AiU 6 (JjjU]| 0)4 A£.JA^-A S.U *1a\I L_J^)Uj]| 0jUj Jo’l 

^aU^klxxU ^al xxi^kVI ^Ujjl dj3j O' ( — flljuUSI ^J (0_9^' J ^ ^UjuJI 6^LxjV' 6(JSjuJ|^ ^A j JJJ A*1 (JjV^ ^J^)U (J^* Jl 




I o' dn.n 0jUj]| o!a . jjSV' 0^ -^LsuV ' j ^ j3^xxi'l ^UVuxUj <. JaV' o^ J^iaj J^l^S Oj^' 


0^]]' (JLaXJjojI 0^4 ^lijC-VU Ul ^AJUdJ UA .Aj^] JJJaMI Aj]Lx 3 0)4 Ja J^xU (JSjudJj (jU^V' (_^^1 JjAAJ S 

<c _gC.I u^-ill jx^JI (JjjUxjI ^gic. AjjjaII QjjaMI ^aJaj Ajllxi 0)4 £3 jJjuj J4JaJ jx-aJxS 

o' 0)^4J (_£^]' UaSJl (_^^lililj 44JUJI 6^A gj >c ^]Ua]| J 44]' (jc. L_fl!>US.V' J ^A ^aJJ 6^lc« QjJaMI (JjV^ ^'jlij] 

lUc. J44AJ J cJ >j] (JUaII (JjJLxjJ ^gic. .0^) l!^V' (Jc. 6JJJAJ 0)4 J^S' ^LaJC-I > 6L_fl!>US.V' '^A £CJJJ 



Ac. ja^n a (jl ^La ^ 6(J£jud3lj Jjlll LoA j jjjaj 1 jja^ja ^.Uljj^aa t^jLajJL t jjA ;A_JLJI Ac ja% a'I 

.^LLa ^JajoJI A_m£ (_£^)al ^-alic ^Jl A_al_aJ Ujla j ^JaLoJall ^ja ^LuoaVl 

A_ia£ ^jjju La A J-uj-jj ^Jllj A lajuoJA (Jaj^)jui^ dll&xAaljA ojlc c JjjjaIJI (JjV^ ^l>laJjuj| A lx q i\ ^lx all 

^aill ^jjuiJja L_jLuLa .»lal ^11 <ja lg_J ^^al^JI ^)juiJja L_J^)j3l Lol£ ^jjuial .(JjV -^1 gLa ^3 djLa^lx^o]| 

ILa A lx Vi AJLall oLa ^3 ^uaj ajc (J£i i^-vll ^j^axJ A_JLoJal AjujaJ L_jLuiaJ ^jdoJ ^AxJa ^ j^oll 

^j£aj <-**^ J t^x*aUxJ] L_si^)xa ^ixJl ^j^Jlaj A laJJjAll j ^ jL-l ^ j‘dj ^j]| dsLa^lx^a]) (JjjLLoj L_fl^)XJ tillL jl ^)A^aix ]| 

.^)j^aixJI j^gJ C_flj^)xJ ^IxJl (_£jJjoia L al£ (j£j ^JJaJII ^*ajc ^A J* qV) (_£j,la ^jl ^)LjcI 


jjjaIII J JV*i £l jJ) 

.^jjaJII ^)x*aUc ^ja A_a^_a]| ^jVI J liA J^)jj .tajLoa Lo£ 6 ^ 11 aJ]| ^^alixi A oLA. ^\1 ^jVl (JA ^J^xil tilljA 

6Ajuo£ ^ajkj JidJ ^Jajoill # ^11 a 1JI ^-alic ^ A ^j| ^aAl ^ja S,Aalj ^6£.LjaVi) ^^JajoJI l ^JajgJl (JjV^ • 

^cll # # # ^j^ill <-** J nwl lX AjtdLU A-iiilall AiU£Jl t d^LjaVi 

Jti\j ^jjaJII (JjV^ ^a! Ad ^ill ^jjaJII ^*aUc ^)dxJ *A W ^\1 ^jjaJII (JjLuia (J^axJ ;A_ij ^ill • 

^j-a ^jujjI djldl^aj £a 4^ jJajaJI (JjV^ ^Jaxj La A hun Ad^lll ^(Jj^Jjai^a AjuI *, imoMi ^ju-aJ 

^ill ^LdVl LoA j ^jj^)dl ^jjialLai-a (J-a^J ^^Jajaill ^Jl ABLjaVL ^ ^Jajoill (JjV^ 

^ic- fc^LoJC-! jA j| ^'^ ^ ^IjldlLajI A_iLaC. djtJ ^ aJL.ua] I .(^(j^]]i 

AnILa L_jLi£ 6 ^)j£Aa]| A_lj ^ill ‘-* > j-y’Ji !^y axj JjjjJj (j^J RGB ^ JLajl (J-^XJ 6^-LjaVl 

jjyaix£ A ^l^lklujL ^ajuiJ Laa 65 -LjaVl (^ 5 ^ ^IaJxjV J^aJ ^Jl (JlfllLVl (j^A \ ^)j 

(JLl 3 J)jj ** 

\ g L ^ j Loa 40 jjkSiW AlilouJl I^jI^^. 1 j ^Lud^VI ^lax^ L_fll ^^Jl ;^AiLaJl^ L»j^ a\I (JjV^ • 

^ic. .Vnwlj 1^-Jc.l aIc. lS^JULJ 1 g j^] 6J jii£ L_fll ^5 ^La a! ^>V1 oJA L_flJ^)XJ A_i1aC. A A^ A 

jl e-LolLl d^aJ j ^Lota-Vl AijtLa (j£-aj A m a Adic. ^LaLa-Vl ^}3 al j^Jl dc. AjI 

.4JI Jaliill 

^j^]]| ’Qj 11 ^ (jA Lijtnj ^Jc. L_fl^su AjLLA\ ;JaaJl jl Aj(lA\ JjV^ # 

Asu ^d^)A ^I^VuuL o^)jj^a]| A-ii^alj Vjl ^ AjlIJI (j^ c. l^_i3 

^jl (jLa. AWuu A xqj\l ^ AJakj (_]£] ^jVl ^jl^aJl ^j 3 Jajuj jXa £a ^AJajaj jIaII^ A_ajU]| ^lall Ai^jtLa ^jj til]J 

;aJU3I a 9 \qS$ \ ^I.^Vuul ^j£aj Jadll a La lo jj aJLuja]| 0 La 
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^)Ljad]| j jLoiJl ^ jLi^i Adj JsLa.!>L] t^JajuJl A_mj Jjj^aLo]! ^JjJa jj] ;^JajuJI A_i1j (JjV^ 

^Jajuj A_i1j jLoJII oLa ^ja (J£i q\ JsLa.!>L ^^JaLoJall 66 ^jaLo]| 6^)L]I 6(JjjLLV 1 AJljjill ;A_JLJl 

A_m]| # A_ic.Uiaj^aJj A_ix_nJa ^Jl 1 g Ajttiq’i (j£aa A_m]| ^LoJll ^ja l Vn^i\l I^J oIWa j ^a.V! (jc. A qL^s^ 
^Jc. AjjaLaVI o^la. ^11 (jjj^ULaJ L_fl^)xj 6 ^)^)£ja]| L_u£l^)Ji] A_jx_nJa]| JiaLLla]| o^jj^a ^A A jxjjLJI 

JaLoiAll *^Luj] _jjiij ^]| 6^J C5'^ x ^ ^d^LujVl ^]| ^jjjULa .6^)L]| Ada (JHaII (JjUjoi 

A_ mil ^gJc. jjx-^all JaLoiAll ojLa) jpu j t^jjjLLVl AjLa ^ Lo£ 1 A uu^H A_mll ^gJc. 

A ]aJJ^)A A_ax_nla]| \ A, c > Uu*\ ^id]^ (JjV^ (jL (J jLlI ^Jc. j ^aJ A iLa Lo£ ;A_aC-U]| 

4^ ^Jajudll^ L>q t H A 6^)Luj| ^)JJX*1 ^al AaJjujI ^IIaI 3 ^)x^ai*£ O^jdLg]! AJjujLujVI 6^1a ^]| ^JjJJjILaJ 

^^JajuJI ^aLall (^(j^]]i djl_a^)d 



tjj^Hl jl ^ 4_xu3 A dd £jjjj (jo AdAill A ul ■- 1 JaBLuixil 'L5~^ k V' JdLauil (JjV^ • 

(jO djLa^ljL-all (j. (J-adj l^j| 1**^^ 6 jjjd ^UdlLaU (jl (j£^aJ 

S^olill (jjj t fl^)xj cAdLull A i-Jall dj^L^dill (jo AdAill A Ailall (J.I ^jlII g.1 x jaall (JjV^ • 

^3 4_^^)jui La L-bua^ ^4 q 4 L>^ (J.l^xll o L& ^'. W*u,4 j Ai^jliLa (jdaJ I L& (Jo £.Lu L '*^)J ) v 

;AjlLlll AJuj^all L-bua^ ^2 6 _jj^Lla1I 4 jqjL>\I dj!>Ljdill jjli A^JLoall L_jLl£ 

-j N1-1 N2-1 

B(kl,k 2 ) = n ro Z Z A(i,y) P(kl,y) P(i,k 2 ) , 

LI L/4 i=0 y=0 

;A_ilLill 4 juj^all J ^jj lg-L^al ^11 aJj^.H S^jj^all SjloV (_£^j-all ^jui^jlII (Jj^dill 

N1-1 N2-1 

A(i,y) = Z Z BCkl^P 'ak^F 1 (y,kl). 

k1=0 k2=0 

# . l^)Loi£ cl^jLal^l tLuoljl 4 qLA. A\ l" j«d\l (j£^j. Ltula 


Jjjdll JjV^ AjxAj ^jjVi jjjbua 

jl Ac«ljj^all djLa^l*-^! 4_id L_fl^)ju ^lillj ^ L> j v " J (J-ajduU ado jjjdll (JjV^ A-ix ail ^IaxII ~JJ^1 

,% n^ D1 = K1 / KO ;aJ^ Ajjaiillj ^iii JjV^I t^ljll dull Aobj^all djVI-^. jjjLuoII ^.1 .tilii 
44a ^ill 4ilid.ll e L^VI ^ K1 ^ .K1 >= KO ^ D1 = KO / K1 jl K1 <= KO 

dllu 4u*ij J&VI cJ^V^ll .ILa j-lldll jj^do Igu jSjluV ,^11 ^Lud^Vlj dlVl^Jl J£0 JiA j-lldll jj^do 

.K 1 ~ KO Jj^ .^ijlt c> l-j D 1 ***£ 4 ^ yr^ 

•4ulLill AjUj^IIj c > UuVi (jl (j£-<u ^JjSjll Jjjlsua (jU SjdlLall ^u^-ilb jjjdll <JjV^ aIL^. ^3 

1 

Dli= l/m(^ | xij - xi,j+l ) / xij, 

i=lj 


g= ^ 


i, T de xij > xi, j + 1 


J + 1,i de xi, j + 1 

^Ic- (j^- lie. (J£l Au^l-^^ 4-11 ^11 luLlu^. (j^J Aili 44-lL^ll (jjiil jn.Ml (JjV^ (j-« S^^sda ^’3L<u J j aIL^. 

•4ulLill Ai-b^all i. u*i^n 

K-1 K 


f(Pj) = L 


EE 


Pjr - Pjg , 


r=l g=r+1 

K- 1 

jj^aixl 4u*illl jUua # r ? g c q\u^>VI ^ j jj^dll jj^dc. ^ ja. j 4ul .1^1 Pjr, Pjg 6 <■ qln^VI K Lj i 

•4ulLill aJuj^IL uj^j xi jjj^’ill 



D(xi) = 1/K 


t 


f(Pj) • 


4 K ^Lol^VI (jl AiLa. ^k 21 l g x j ^jCr j 4-ialall <jc- ^Lud^Vl/^ai^JI (J^c. ^ j^c» ^A v *all x 

gIA ^2 dlli. J 4 -v\t » 2\ <jl^| L <nl U» J ^xA I f±u£l\ aJLuo-O /oJJutlLo ^ jX2 

4_AaxJ Aj^abaJl djLlxi jjl ^a-jjolj . JJAxull c. Q ^ ; 4_llt2l 4 -v\l * A\ Ia ^Lud^Vl iijz. ^JJ Al=^j-2I 

; ^Jl ^jjuaSjll 

L_al ysA\ .uw* • 

4_ii*JI ^ j) iuixi • 

4 -v\l x 21 l_jIj£ ^k £y* cJ^ ^^>*4 ^ 


4JjUL&2) jjjbua cjLu^i JjjL 

Jal&j ^A aJL^JI g.1 jJafl ^3 Jal&j ^lixj ^Lut^Vl e-XiaS ^3 JaULill ^j±i AiLui2l Jl^ILujLj • 

^aJJ ^llxull # 3i ^2 lA^jjLaJ 2^21 4 lA^2l ^Lud^Vl .((j^/UajVlj Ajl.l2l 

(jll .AijtLJI jL*.* ^)fl*j CjlaLoixJI 6 1 a .wl, w2, ... , wM JJ22I <jljjl j Si ^ki AiLauJI 

AiLal^ll ^sU3 L-bal^. <211 jl L Vu«o\l IIa ^Jl IA^ILgJ 2^)21 4 InA^H 4 \t ^\l ^j| jn» un 

;(Jj£]| (j^A-<S ^ ’l* X<j L Vu«Q (_^V L-J^Vl 

Si £ wi , '^' L(Si,wi) = minj L(Si,wj) . 

;A_iMI j-iLalll <JjV^ <J.ui1uuj ^gJaau ^-ILull j 4 Vv^2l CjVI^JI 

S = S(xl, x2, ... , xl) , w = w(x°l , x°2 , ... , x°l). 

;A_iMI Ajuj^oIU ^ UtiVi CjULouJ! ^2 A_ilc. 


L(S,w) = ( X (xi-xi)Y 2 


2 


I 

L(S,w) = X xi 


xi 


i=l 


i=l 


(JIaaII 4_^.j2I AjjI jlU AjLol^, Ija 4J^)Ha]| ^jjjULd ;djtg_a. j2I <j4j AjjI^II ^I.^Vu2j J)jjAi\l 
;A_i]t2l Ajuj^all i t Un'N tilll j c I a J)jj 4_1 ^.Aa]| AiLall (JIaaII 4_^.j^]|j ^1 j.q’iW 

1 

L( S,w) = arccos (SV/ I S I I V I = arccos (X xi xi°) / I S I I V I ) 


i = 1 


(JIaaII 4_^. j-aII 


AjLoL^. ^4A AjjILJI (J JSLa j-<J| L_lJjJa ^ulj ^I^VuuU JJAxull 

4_i]\j]| Ajuj^all tilll j i I a jjj 4_1 ^.Aa]| 4_SLall (JIaaII 4_^.j^]|j ^1 j.q’iW 


i 

L(S,w) = X xi xi° . 


i = 1 

: 2LJU1I 2QU1I 0 1a lK J' g^l ^b«Jt 

Si £ wj , L(Si,wj) = max kL(Si,wk) 

P(wi/xi) (jUu^-Vl 4-ludj ^hVuuU ^aJJ (j\ JalAjVI CjVI ^al^VuuU jjAxull • 

jiisu AjjILJI .Si 4 Vy^l AJLaJb 4 x^aLaJl CjUjI^-VI xi <2 j L ia. 

•ajlsu 4 _Aac. ^^>*4 aJUu^VI gIa .wj ^ j-^11 xi aIj! Jo^'I aJL^JI aJUu^J 

1^114]! (j_^4 LlA Ja^jjudll J 

Si £ wj , P(wj/xi) = max P(wk/xi). 



A iq iq'N ilic-l (_j£l 4ul ^ic- (jd^lid 4u^)laj \ (jd^jlid 4u^)laj ^l.ladjdtj ^iidll 

: ji^ll c5jLuu l$i« S^-Ij Vj i-ya. 4 (yl, ... , ym), j(xl, ... , xm) 

m m m 

X xk yk < (X xk 2 * X Y k 2 ) 1/2 , 


fc=l 


fc=l 


k = 1 


S(xl, x2, ... , xl) u 1 ‘ C k yk = C xk uj^j ^ »' jt-^' > 

: wi(xil, xi2, ... , xil) Jt ^^-22 


Zxj xij 

j=l 

Xxj 2 Xxij 2 

j=l j=l 


X A -/’ xk J 

7=1 


= max k = / i 

(X-x/ 2 Xxkj 2 ) 2 

7=1 j=l 


X = { xl, ... , xl } 4-C. ja~\a jLilkl ^ jll dull AJuj^aJ jjudll <JjV^ ^l^adujU jjudll • 

jA lil ( xi = 1 iJp ^ Xi Jj^dxll lil ;4ulUll <l^)ial! L-buoa. CuVI-^ll <jdx j ^3 jjudll jj^al ic> 

t> <iiUA 2JLJI oi* ^ . i = 1, ... , 1JS1 xi { 0,1 } (jit .xi = 0 jjc- 

;4ullull ^A j 4u^)tLall ^)Iu*_a LuLaiaJ J^lall 


-t 


o ) a = Z^ xk xik 

k=l 

.JlV^I djli wi jS ^ A ) ^dc. djVI-aJI iic- a 


-t 


o b = Z^ (1 - xk)(l - xik), 

k=l 

. JlV^I djli wi jS till xuV Lode. dj^LaJi iic. b 


-i 


o ) h = Z^ (1 - xk) xik , 

k=l 

wi ^ Sj3 _ i^IaII JjV^II tilLuV S Lade- djVI-aJI h d 


-t 


o g = xk (1 - xik), 

k=l 


1) Ll(S,wi) = 


wi (_ji SjijJ-a jjill JjjUl S Liiic. tliVlaJI .lie g 

;AjHj 1 I ^ ^ ' ^I^OjoiI (j£-o-a olA ^ic. Ifrljj <j jjjljt-a c_lL 
a = a (jtj j JjjjAj 4»j,^>) ) — JjV^t jjc.. 


a + b + g + h 1 

2) L2(S,wi) = a (<>4 hj <*j^a) 


1 - b 

3) L3(S,wi) = a_ 


2a + h + g 

4) L4(S,wi) = a 


(lw'J) 

(*■ b' uu j 



a + 2(g + h) 

5) L5(S,wi) = a + b (j^^j 

1 

6) L6(S,wi) = a 

g + h 

7) L7(S,wi) = 1/2 [ a + a ] 

a + g a + h 

8) L8(S,wi) = _a 

[(a + h)(a + b)] 1/2 

9) L9(S,wi) = ab - gh 

ab + gh 


LU&t Lijxli) 


jj j-aj) ufl jjlUI jA La 

< ^uu0^jl L Q , j jA * 'll! 

(j-a c Vn c. qju^Vi ; *>— 


c <nu«oMl j\ c_fl j^a jib J^Luj jA ; JaLCVI (Jc. c 

j A^JajVl Cl lb (j-a JabblM <— Cjbjiij ^jnar*l 

CjIjI j 51! iLkjj • 

i j c qju^Vi • 

dibbbl 4 -v \\ * * • 

^Ic. llA lg-La 64 _i1a*JI SbaJl £jujIj J ^ * .bl ^LaJajl (J^ * JabblM ^lc« dj\ qjjJo’l 

;<JL3! 3jj^^ diVl^* V JLLI 

J 4^al uiVlVt ^lUxi 

^^C-bj^all L_J jjajLq^jl <bj^) 

(jbljll ^hVbb a JaiUlLI ^)bl jjjl 6^)Luj] (JL^l j ^ qju«o*i 

0 Jjjl ^Jc. L-fl^sCill 
Cj jj^II ^-3j jjj-aj 
^jL^aVi dibu^aJ 4bl 

jlll SLaLJo-g 

JJ\ c5jia» 

jJl b\i c_J J Jbd 
4_jjL^£il (. jVq\l LijLiVi 6 jLujj ^3 j Jbd 

CjLLJI 

jjj^I CjLLj ^c-I j 3 
cJljl i jjl Clil jib] ^_3j 



j^Sl ^ilqjIIj A^JIxaII A .xJaiV A jlxi* 11 Cjllulajll (j-a ^Hl iA ;JaL<jjVl c — i 3 ^)CLjj q\ (j^JoJ AjjIajII ^aJaill 

;A_ilU]l CljliLniaj]l ^j^aaJl V (JHaII (Jjjjuj ^ 1^ LjA I^-Lq 
C jjj^aSI jjiL^] A_JV1 ^hi'l • 

^jU^aVl CjLoj^aJ ^gJc. c_a^)xlll • 

^jal jlll ^c. c_fljxlll • 


(jjjeJl A <ci t«o j Ajjjl ]^ xx \ 


i^ya L^jujVI ^ £• • 

DNA lS\ (j) (S$ A- l t.t l t.t i AiLUa^ • 

f^jl IpLk UjjxIII • 

(^JVI £5jl£ll) ^c. L_ijxlll • 

jl (> jj.Alt.ti^ ; (jjdltlll ciLuoll ^jj ^il 1 ilia (j£j ^)Jjuj cr^ Jj^t tiLu^jl < Qjn<o‘l A-iLoC- (JS-LqjI L-J^IIxaII ; iflJ^uuJ (JULd 

*A_ ill— ill t * i l 1 1 a <• \ 1 t C 1 ^1 1-» a1 1 ^^^Jjuj 

jJj^l yi • 

} 1 

A m 11 jt^a ^axJ • 

^±11 c kil^ajl A lxn^xill jjjxn'l (JjV^ ^jJLall tillij ^jjc. jill (jjj ^A_ijtj jjill^ A-i*_niall Cjli^Ha.Vl • 

.^ajall fljlc-^ll (_]£jujj i(^ya^C^]\ i^j^ill ^-jJaujj 4(J^Iall] A-illllI (JjV-^ 11 AjAaj (j^\A ) A_ll_aJI alA ^3 



.2 <Aj 

JsL&jV! (jI&l! jfi£iil AJliUll ^la^jl 


JaUijVl (Jc. L_a^)3tllJ JH^JI ^U^jjl A qVi-sxi" (. 

(JliLdl 11 a g-i ^j-ajjudll c^lxittil *1^,1 j j ^jj^ljudll tiLu^j ^.1 j gr^Uj L_fljt^ajjj ; A-^Axull 

^-ILull C. Vn^i (jlal jJSl • 


■IjJoaJI 



Ajua^Jxll djULnll • 

jUikj • 

dlli djLa^lx^al] <C.L-al (jj^ ^ Q^v^tl lIjLAasJI lad x jinl Ij \\lx> ^)jjt^a]| A y ]l * ^ OI^C-VI 

Clljl£ |j| ^J>»» l ^ X J ^jo j A iilaJl ^jo ^3 ^Lud^Vi / ^uuoaJl Jj)JtJ Cl * ^^a-lJUdflllll^ ^LuoklVi 

ijj^ j ^)^V1 lAC^.1 l oV^A. *\\ ciLuoill (J^xJ ICA # 6.1^1 ^11 ^juoa> ^ii£l 

S^Lal! ^a3 AAi — Cai^j J ^jfLCjj cdjLouja^a]l ^Jlc. ^3 ^jI^juoC- ^ £.LCajjCa]| | £.Lja jjJall (. AllaJJ 

(j-a l*jllj| jl (jt^VI ^ (_£^)j^)jJa]| (j-a 

# ” <j-ajU-aaJ! M jl ’’djljxall” (J^axj djUUJl jl x^alkj ; ( JjV^ SjAeJl ^1 jH] 

Jaxdl Ic^J ^ajaiaJl ICA ^Ldllj ^JaxJj S^C3^Jl V-lll ^j*Qj ^jlll l o'u^aII ^Jj ^ixj CIjIJjaaII \ ML^allll 

.cilli j! 

JaUcVl ^ c_fl J*3U ^1 A_nj 





.3 <4j fwjll 

liLa^jJI JliLa 


ij^la Al j ^a\. .ill c J h ^glliLa (J^Ja L^i o^lc. ^ ' > ‘‘^' ALaj-u i <_jj»*aLJl c^Lm 


^ja La^^-aC- (J ^jal A^aaa) ^-ajll 

.LS U^jl Jlia 
Lb > Ls 


length > L crit => Bass 
length < L crit => Salmon 


L crl t ? 


15 < oa^illj 15> uj^WJi : 

:^S*j 1I 

LjJJJ^JI CjlliC. ^Ic- cJx«O^I • 

(^jU-a^.1 JaLauxll^ ^cjllnll ^jc. Cll^jl • 





Count 


salmon 


sea bass 



& jj-a (Jjl^j c>J 6*1^^] (J ^S^jl 


Count 
14 r 


salmon 


sea bass 



-*■ Lightness 
10 


.5 fS. j 


1 31 Qi&* 11 jl uu 7v*\xun^ Jj^Ldll c qju^Vi (JjJa^VI (j-a jA_a 4 ^ic. , Wic," i ; c. qju^Vitl 4 qK 

c^lxun Lk^pa j lil Lai t4_i2kj^)ll S^Lud^ ^Jl IL& n't^jl tiLujd] 

JjVqM ^-L^j^all ^)l^)£]| £.UaC-l 1 *1 lie. 6 L^I^J fiJajj^) ^ A qKMl oil .j**** 


4 


(IL^J^ ul^ (JJ-aIuJI AjIc. (j^aJjudll 


j 6 jj-a (jxa ^)j£l (J-axllA^j (jl j)£-aJ (J-axJ > <ai^j]| 




.6 fSj 

£.LAa3 ^9 Sjj* Aj^^a j! A lakl] o^Iajuj (_]£ 


^^oJjudll i~*\aho ^gJaij J ^j^aLuo]I i~*\ x> a jj ^Jaij /v w'j ^Jj S^jaII £.Lja9 ^aJjaiSJ jA *C ilA^JI 

Region 1 =^> sea bass 
Region 2 =^> salmon 

c‘* i\ qju«oMl (j-d AjAxJI ^gic. Aj£3 $ Ia^ Ilnunj ^)fl*J ja^II 

;%Aflx a'I ^•iUull 


wiim 



4 6 s 10 


.7 j»Sj jv-ijll 

(Asu ^ JJ a£.aui3I JA^j) ^5^2^ ^ja*MI .(a m a 'I CAlitffcjl cJ^dJ CjUUJI (J^qj C^ U^4 

^11a3I ja^II 



WidDi 



.8 fSj jwijll 

JaLaj^l ilj ^CjAaII CAjCLaLj = i <nn^)i 

Jal^jVI jjja*il gjjlill JSLi^jl 

^IaJIa J)-Ua1]Ij 4_sJIxa]I A^oiail 4^.1 jJ ^lll (J£Lu1a]| 

<jl La£ # 4i^)XA <. ^ 'ILcn Laa # l g jgiaj aJ£ju!a]|j (JL^aII ^Ac. l)^ S^aaII Caa*a iS^i^jl ^l^)lj| 

# ^g_j^jl t q h«oa\I A q ilaj ^jjdib Ca^. S^aa 

# 4_juj j^IaII CjI^Aa]| <Lsa (jl ^j£aA 4 dj\ nun's a\I ^ailc. ^aI jjuiaJl L-IAjoAI d)IA £.Lja jjJall *pljJa jjJall 

.JaLaibU bM* a\I ^oLaaII (Ja3 (Ja jl ^.Lja ju>i\l 4 j Uu L_fl!!/tikVI lAI Ai^)*-^] 1 


^ Ai*J (jl (Jaa^aII jac. <ja 4a£A 6L_11j^a1I CjIaa^J JIaa < 


^ajoij cii 1^. .lax^jl ja^JI ;4_aa!)Ia]| 


‘A.uwH JaLoj^U c. <aj n^’i 

6 ClUJ^ 4QjA*Jl ijj\ ^lc« ^jILaVIa ^ ^ALaa]! ^JAC.1 qVl'S All Vu^l (JajCL^J (jl (j^AA ;C!aI^Aa]| ^jLiikjj JAaII 

j ^k-^A (J jL^jj ^cLaaII l q‘n «o (J^J Jj£D L ><a J^ tAjoiij ^-^laA ^ill (JIjjuJI 4_ilc. .(^L . . 6 ^11 (J£jui 

?dlAJjJ q\ <a1a*_ 1| 6^J (j^AA (JA 
£l3l 4dj| JA^JI cr-i JA aII jl-iiLl CC-LolA <jl <j£aA ; (^AuIaII ^1*-II 
ji>\ i Vn^>A (JI^jLLa) j\ l Vu^oaII 4jqj^j jj^qlll liilc. j^aH CjI jjaII AajouIIj ;SCjqqA'l CjI jjaII 

.(cl^VI 1 u*1j^ (JjAiL (ji (j^AA V tilAJUdll (^yaj£> \ JIaaJI (JaAjuJ c. .CjI jaaII (J>1* \ (jl^3 SiC. 

4 C^IajoiII QC- UIIaa 4 ~i A t) Vi (jl L_L^A JaLAA^i ^iVlVI 

^aJUII I Aaa ^AA j 4^gLiu 

(J^A^ J > Vu^>a\I (JaXAjuJA (jl (j^AA ^LLudU 

^jaLo^ A qj (JjJaSVl (JA <aU 4 ( jj.Alt^i]l c-^Iaxh ^ja 4_L^Ja 
ill CajIa ; JIaaII Jai^ jaII <ja ^a^xJI c^IUa ;dij| ja3I 

4^>^J1 CIajIa 4<A^. j^]| dulj C^IUa cil3i£ ,A2^ ji JAC. 

(JjJa3l ^LaJV ^ \f^ ^-3^)*a IaaIc. Cl il q n^oA SCc- ^Jsu^j ^jl (J^aa ;^Ja1^1I <aAUaa 

1JJ 

L_LSbJ AaIc- jl 4 qK 1 Ja±J^)A (Jx3 (Ja j 4 La (Ja-S^ (JaaIjoiA C Vn«oA ^ a\I j c. qjW^Ml 

4jqj^ Lliic. c > U£ j (J^- 5 ^ j c. Vu^aII ij jj^qMl 

(3 VI JaA^aII JaVi ^jl (j^AA ?(. qjU^-lMl ^)l^)3 (jj^jA L_ flj£ j 4^)1 Jo'S VI oCA (Jaa (J 

>C5 11aa 3I L_a j^a j3! (jjq^M ^1 \f^ 6( - 


^AA J SiA^I ^]l fi^iAj^jjl Ia£i ^_jAA (j 1 

<iudLuJ ^)J^)A AxA (jIoaIc. llAl Ui^l til 

(Jiill ^ 13 ^ c3^^l ^ 


46, Vq* aj Sjaa£ CjIaLlu^. 4. jaaaaII j 4^'U a'I ^ 4 q'l-s a'I CjLia jjl j^Jl ^abVuul i^gAl tti^'l ,\iqaMl 

jL^a] IaaIc. ^jcl ^ qlu^ibU jl 4C1 jI^a-^)1 a1Ic£ 4 d^i^JI clsuV AajouIIa <11^1 ^aIII c. qll's a (JaasI Aaa^^jI ^^] l 

?^Aljud^Jl 6-I^VI j A- i jg jaII (Jaj 4Jcla_A 



i ijViti j ^1*4)1 


(j£ (jV ^UMl ^A^AjuA SaIc. C Vh«OX>\ 1 ~J ^ x «aJ L-IJ^A^JI djljjCr (jxi CALg^LlaII c 311 j ^AII (jjlajl 

(J^juIj t o lu^i'ill c_jLua^. ^xjialujaj V ^ J lAa> &JXA*a JaLaiVl ^ ^ t fl^)*A]| A-iLoO ^3 S^lLaII jl A Axa 11 (J^LulaII 

J> ll] 4 -IJ 3 AJ JaLail (J.AaJ.uA i ^■Aj^iil ^t*Jl (J£judll (jia^)J^j] ; A-lllUll S^aill aLojC-I (j£-oJ A_ilc. ( 3 ^-^ 

;tg_La v j^»* A\ (jj^llLuj ^Axlll ^\ ^j| (jx* AjA*JI till iA 3 lj £ > ^ (J-dljj«Jl 

.L-JJ^^jjl Ac* j)A~\A ^3 JaAJ (J£i A AKj ji A^ajlc. ^Jaxj ^Ll-oII |A_ilo t £^)jaux]l ^alatllll • 

.JalxAVl oA^J A iKlllI <Lgj 3 (j jgqtSA jA O 

Ajjuullj 6 jflluLd (_)Aj (J^ll ^latil J (jl (j^JLi ^l*Illl A^j^jl^A. (jlj ASil^J c |(JjIju1a]| O 

J dAa^. (J ijk ^Jaxjjuj (Ja ^aliAJI LS^-J c A jAr^-oll Cli3 i^ll ^3 L-J^ila^ll AiALui (Ja 4(J-al^xJI t fljli^l 

A^aJjujJ 


jl \a\ \*W JgA ir u ^Uaill ^ jli3 # ^jJalj ^lau* tilUA (joill Ail • ^^A jjjxJl ) Adlc. l3jjuu* jdaJI ^itAll 

/4iAApl JaLijVl (j-a .j^l" 

AjtAilxJ tilliA ccAHa jj-a S?Ajj (lL jlla>sj-al^a (^gJaxJ V) AA^jV ;^Afll£)l £a ^Ix£]l) jjjfiA-lllj ^laull 

;i Vn^xtll LjJJjAdl ^IIIaII (jJ^lall (jjfLi aJIaJI gA^J .^JaLa. jl C Alkali (jlj fiAd^jll ~jl»*^l 

J^aaII ^igj o 

AdJJ^^All Ala jlc. L_Lud^J O 

# t o jnuNil A3 j^jl-o 1I t flA^JI t q jj^a A^o^lc. ^J-oxlu^j q 

LU&t 


;A_illAll (J^I^aII Jal^ajVl ^aUaJ ^ I ^jfj IajLuj AjUj 

A n\i^\l AaJljL-all • 

( jjAxull cj! jj^JI ^1 j£\ • 


# 6^)jj^a tn^kVl djl^lxi (JjjIjS ^jC- jjjaixi ^6 j Jal^ajVl c — A_ ajojL^]I 6 j)a\jl ^A 

^a ^g-^.1 I (JHaII Iaa aIaxjjolaII djl ^iaII (jl .a qli^x>\l ^\ ^i^VU ilsuVl A-AU^jl UjaI Aj^^aII ^aa 

# ^joLaJl 3 ^ 3 -a (j-a Jali^jl ^IjuAj] (JJJilSj c :> ij^k ^1 jVl AljlMl AJa^lll 




AoluaSf) A,j iV nil Sjj-uall # 9 


A <Lgj 3 .^Lud^.'iS A_p^)i]l ^jjjJjILa] I Aj| i** ^ CjI ^iaII ^1^)13] A j\x>C« aJojuj jlxa a jli'S L_flj^)*Ii]| 

*Qj* k *~* Aj!>Ij cilliA ^jU JsL^^j .^ajud^. 28 ^ 1 nJ^JM 2/lijuj| 4_a> jJa j-a]| J ^3^>*-a]I 6^)jj^) 1 (_^jj^aall 

.0 jiaj Jji Cy> L$Ji <J C&4 ^ t5^' W 



.10 ^ J 


# !>lijaj| ^jJa j^^jLnll ^joj^) 1I j 4_3li t^ajud^. (_pl ^ jVl A'ntMl AJa^ill Ajj^aLi. ^Ac. jl VutiVlj 

2^1^^ ci^ <^31 J 9 fc£5-JA j djUia* <^311 tajj* ksi\\ ^jlillj 13 Uj£>ua 

a^lxj^all e-Lda lataj <^ 5 ^ J (j-a L_J^)jaj J a^ixj^all ^jjjJjILaIU ^Lud^.1 3 3 *^ijl dlliA . ^LqLui.a]| j 




Area Title 


133 
L5 

1 

X5 
0 

0 10 Nov 09.2CL994 lfipiG 

.11 f&j ^xujjJI 



iJuiuallj 


1 — 1 AjjLubftli 6 ^ia]| A x>jqj Q Ajud^jl i*M» A A^jJaj^ll j 



0 10 Nov 09 J 2QL994 l£ftl 


4JLl4)l AJaajjb Jpp£>fc)l .12 fS J jJl 


;A_i]j l <a n^gjl j (j-a j Ajjc. JalillL 


.1 fSj 


s <lgj3 

^Lud^VI 

AJUd^Jl 


- 1.00 

0 

^ ^ot A. ti 

0 

0.93 

1 

^Ixuaixi 

1 

0.30 

2 

Aal^. 

2 


1.92 

5 


3 

0.00 

18 

S^x jL-a ^Lja^jJa lal^j 

4 


1 Aj^)Ja] 1 AiLaull .D^JaI! A^Loia] 1 jjla L-J^V! <« Q u-^\] ^auai^. (_)£ (3*-JuLgj! Lilli! A^Laa!! C flii*aJ 

^jjjLiLq ^3 Ia£ A 112lA\ a&j (jLoxlLiuJj ~! x a^V! Ai^)lxJ (JjA^. L^gjx^\]]i A in ^jj .A-J^liis^! AJiLoiaII La^aC- 

.<■ AiL^ajll A ~n n j ^)j > Ai ^ja I^jSaj !La .^uuOk, (_)£ Jatiij ^Jl (. Q n^oji AajB (j^aj^aU ^jil Vi^a i 3 t AaIoIaII 



A aU $ b J 3 ^ J jJ! 

.(JA .>^4^ ^ AGIO'S (j!Ml! J 1 3 U«Oj ^al (jjAJUia. cilliA (jl£ A_l! J£L^.2 )Ia]| (JA 


.2 fSj Jj^t 


d^jaI! Aaj3 

^Lud^.V! 

1.01 

3 

1.41 

12 


(jjj ^J^j! (j^ ( 0.93 ) ^LajuiaI! Ajj^ala. ^Jj L-J^jsVl ^L£l! (j!a^)JU 4 -l_jSV! A^LuoaIIj (. qju«oll! < 9 J^)la £a (JjjUaA 1 a 
tAjsLja! S^ja A_aj 3 ^LiLkL j! 6(JjJasV! A m \! A_aj 3 tilli j ^ jjJa j-al! 1 (J^l (_3^>la .(1.92) 

• 6 31 


jljiJI itiuV Bayesian 


^glc. A-l^jail! .Viu*n ..la! 

IaJlIc. .A -2ax a'! dj^l a1"\^U 

Ija a «ji U 1 aIUJ! <!ji 


^jV! <> qjn^il a K jaa ^gl! ajjaLoj! aaj! v^i^j Sji aj jijU! iLuiV Bayesian 

^lljA jljal! jmjj .Ai jj*-a aJIaI^V! cjIa ^ 1 *_a 1 ! <J£ Cjj& LaAic. cj!^!^)£]! iLaj] 
.diljljil! ^jjjaLaal a_ 1 ! 1 a 3 ! JH*aV! ^ t S^ipa. CjLaj 1 *a <. <al ^Xi 

w <jl ^jia^yiiil . ^JjaLuj j! jnu‘>i a£ajuj ;^jj^jL^J! (_£.ia,! ^Iaui <J£ ;<.-*! a I (JHa 

i^Lil! jUjc.U U 1 ^ajoij 

A^ajoI w = w 1 o 


g^L21 W = w 2 o 

Cliiac.! 12 4i! <Jj2l <jiLaj .121 a±z>\ c_a2ajj (jl l_l^j ^21 gdiu2l ^A w <j! ^ \* a\ i A AslIa A >jj 321 ^ULq^jl (jl 

.(j^2joi j! ^j^aAui A ^ a x n (jj^-3 (jl (JaL^ j 2 ^juj .1^. ^2c. ^5)' fc^Lajua]! g2 j (j^2L2l g.13 (JjoSJ <23lg2l 

4£j^ 21 

P(wl ) : 

^aJjuj A ^ a x *i 22l£jl &2xu2l ^jl ^ x ^1 (jLali^Vl 

P(w2 J: 

« u j-2,u) <^ajuj ^a 22l£)l &!Lu 2I ^1 (JLal^Vl 

;(Jj2! ^j£-aJ 2^ <3^/lc. Cljb gjc. c2ax 2I (j-a (_£gkVl ^-l^jVl 12 

P(wl ) + P(w2 ) = 1. 


(^21. . . c i2xun , I u s\ <2axa 4 <22 1 di3 j - *<22 ^Ic. (Jl2aj^ g±ux2l 22c. <2ujo^]I CljV2aIi2^l (J j 2 xj 

.2aj 2! 2jjg f-1 2fi.l ;A JaJja2l glg2l d^C.2 

wl ifP( wl ) > P( w2 ); w2 

a judii c-_al^2l ^2] 2 j 2jj ^2Lajuj| d^c. (Jl^- ^ 2a I S.i2j ^2t>i j gjgii^jl gl£ 2] *11 ^. 12a 

. CljLa j!sl 2I ^j-a »ljg2l j dj|gj2l ^_yaju 2.1JC. QjfLl x jj Laj-aC- 
(^j| jjuoC. giilLa X ) ^ 2la^a (jl ^11 jl ^jJauuj <- aj3 tg2 c2aj 2I ^a 4.ft<2‘i<21 £-1 ^V1 6 X = ^j2su2l ^jjj2La l&gigjl 

• c-Jjjg*2l 

^a <x-i22l <IL^JI Ju 4 j 2>» 2' xJ 2^]Lal^.Vl <i2$jl 32b i : * i <2aj22l l Vn (JLali^j 3i2£ = p(xlwl) 
.gj2j2lj Jjj ^jJaj2l ^2 2i!>2kVI c ( p(xlw2 ) j p(xlwl ) u£ ^-^2kVI 4\yl 


p (xlw ± ) 



/?(xl®i) 


^2a Ij22l ^2a! jjSVI 4 iw2l JL2^j .14 ^ J 

(1.0 ^ Wi^a (J^ diaj <2al^jl ^ ^22 

j I ^2) <2aj22! Cjla2£ll 4 P(w2 )j P(wl ) ^2 joi 21 djV2al^.Vl ^2g*-j 2^2 ^jiajjg^ 


p(CDj I X) 


.X == A^-aj^Jl ^jjj2La 

? &2xu2l c Vu/i (j2l jA La 


Bayes 


P(ny I x) = P(x \wj ) P(wj ) /P(x), 



„ . Likelihood * Prior 

Posterior = 

Evidence 

jS£| Aj 9 p ( X Iwj )l 5 ^' wj ju Jjku Lui wj ^±1 ( p(x\wj ) 

(jlj a ■ <aj (J-gIc- t x A <ft j3 ^5i - p t X ) . w a ._' a ]' ( &lx 

' | l^C. jj ^ ^ ; S ^ L ‘ )^\ VI 



. 1 l$jLuj i-'Vi t x 3s i-'Vi ^nm 

P(h’2)=1/3j P(wl)=2/3 

UmJI 

f If we decide a> 9 => P(oj, I x) 
P(errorlx) = ^ 2 1 

[If we decide co l => P(a > 2 1 x) 

vv2 ej^LaJI P(wl\x) > P(w2lx) w 1 Uaidl Jlxi^.1 jlaj jl UjI^j t x JSJ 


(UaaJl (Jl a’i-^j /jjjjjt) Bayes jl. j3 sac. La 

vv2 diVlaJI yij P(wl\x) > P(w2\x) 'i' wi oAclill lixixj 
w2^ri^.Uja j(w 2 lx)t 5 J <(w 1 lx) ^ 'i' :w 1 j' 
P(Error\x ) = min [Pfwilx) , P( w2 lx)] j 


xeR d 


A_al*Jt AitaJt jSj^luLall 

; liA Aju^jI A L->~* a 



g.1 x dil jj-dl 4 ^.j>ij x (Ja£Ljj1j tiilij ; S.l^lj ( jjj-alill (JjV^j Sjj-a (j-* ^£^1 • 

# jjAxull JjV^ ^Liaa is £'±i Rd *^*jV 1 (j* d ^*-31 ji ^^iJiiVl 

/ fllix^al S^Cr ^1 ^oaxjIIj tillij ; (jjl^lfla JjllU (j* jj£V ^■I^jJI • 

^ *i» xmj <Lljt^al ^tjj L " ♦ ! (6g^-uJa]| 4_lLqdl yijfiLl (jj> ulj ^)j£l (J^ ^ (_}LaC«Vl-J ^”L<ujd]l • 

.(J^Jl (_y± Ajj^II djVl-^31 ^)1^§}1 iLi^l (jia3^) 

4Jat*Jl *j)\ joi^Jl 4_ll^ L_flJ^)*J • 

^Jl (_£ jl *"^y\ (Jx>» r ul) ij 6 (J-ac. (J4J 4-A* q 31 ^ qK^\ 1 4J1^ .v^‘i ji) 6 ^)Lol^]I ; djtu^l Ajjj 

# (jj^)^.Vl (j-a Ail^J ^)j£Vl L s.Ua^.1 <^\ ^j| < J'~ k * ■} 1^3 ^j]l diVl^Sl *^cilc.^J U1 ^xujjJ 6^)1 jol^JI 4_ll^ ^1^)3 

• ^i\j]l£ *j)\ ..i-vll 4_11^ <c.lji>^> (j£^aj 

^ c. at i x ^>V i j djVl^ll c ac. < jjSj { wl, ... , wc } <j! 

/L(^ I cOj) 6^)Lat^Jl 4 q ilaj (jl^ A Lalla. ^Jl (jLaC«jlS aJj^^dl As- jjxi'v^ll (j^SLj {(Xp...,6£ fl } (jl (_)ia^)iiiil 
# wj 4j£_nJa]l 4_ll_qdl (j^^j Labile. £.1^)^V1 ^ji±3 (jxi 4_i]^)!Ldl S^)Latqdl (_£jLul2 

^^jIjjuoC- ^jdilLaj ^IxjVI (j-a d «^dl bill jj^jl 4_^.j>i X = d (jl cP 3 ^^ 

jjjf^jj wj ^gic. 4 \f\A X -J (jLdl^Vl 4il5£ <iilajj # x -J 4 _iaxjjj 11 4_iiajjd3l 4^ Jl 4itj£jl 5J!*^ = P(xl>v/ j 

(4jlpaJl yuil 
. wj 5J^J5 31^1 JU^Vl = P(wj ) 


Ma^Oj) o jlui4]l (jl i \yj 4j'qjq^'l 4Jl_^Jl lil 


4jl2 IjIaJI SjLuu^Jl 

^ 1 ^)^.V 1 ilAjj UjLj (jit-fijl X Ja^^U UjL (jiajjg^l 

* 4jl 3 jlLdl S^Lud^Jl C^jl£ 4_la^. jl^jl 1 \\aC* (jl (Jj3 


/?(«,.) = ^Mcc; I a>j)P(,a>j) 

7=1 

^ja ijjtfl jJaaJI 

• 4JU11 4Juj^allj c > Un^j 46 ” jjVl ^3jlLdl ^)P^\1 (.A jLdl Asu 

C 

R(a i I X) = X A < a , 1 (T(7 ; )P(ft7 ; I X) 

j = 1 

jtiii 

OjS ‘X <3^1 . a i( X ) (_jA iiUtJI jl jiJI SJelS . <^L jlaaJI 3^ ^ill J^! JA Ua c_i^JI 

;aJU]| A. fc ii^aL « -. 1 . . 1 - . J <j' <j£*j jJaiJI (jl <^11 IIa . a l ,...,a a ?£ l5^! a i (x) j' j^' <!b 


J /?(a(x) I x) p(x)dx 


: Bayes j'jS 

^jJa^jjudll ^)P^\1 L. Uu^j 


i?(a ; I x) = y' j A(a i I (Oj)P(cOj I x) 


(> ju ^Ull ^jVi 3KII jkaJI jl .jl^u Jil I x) 0 j 1 j a,, ^ i = 1 ? . a^V 

. j^4 cji u^4 ^' J i lP^I jAj c R* Jjj (^ill ^Bayes 3^ 

(jjilufl ^31 uLl^JI 

W 1 4jqjq^'l 4JLaJl jjb jj^j = ^Ij^-Vl 



wj 4 aq r<a — \\ aJL^JI (jj^ Ui-iic. wi (jc- <iijiL<J! SjLud^JI^A A ij =A(a i \co j ) (_pajjiil 

/?(«! I x) = A ^P(co x I x) + \ 2 P(co 2 1 x) 
R(a 2 1 x) = l 2l P(co l I x) + 2 P(® 2 1 x) 

P(a t I x) < P(a 2 1 x) ill w i 

(Al -Al) p («l 1 x ) > (4 2 ~^ 2 2 )P( 0 ) 2 I x) b l J 

(^1 -^i)p(xl ®i)^(®i) > (^12 -^ 2 )p(xl cq 2 )P(cq 2 ) b ! J 

.cilli l^c. l^a w 2j 


Qjilua AjjIJLg) <j-uoj jUlkj 

l\l W 1 jJL) 

p(x\a>i) (A 2 -^ 2 )P(^ 2 ) _ r 

P(XI® 2 ) (^21 ~Ai) p (®i) 

I^C. W 2j 

P(xlfi?i) 

jjUli dul£ lij w 1 jj§j l ) \ ^?(x I #? 2 ) ^-4^ u] 

# X ^ 2)^ 4 lalobQ 4_xu3 




lij \yi 6 P(wi\x) J i s ij >j ^ U-^U J i JJail 

.(Bayes J jS s^lS US) j^i £ji] p( wi\x) > P( wj\x) 

jlj|)l Jjlalia 

.jU —i*.lj ojUi 4 ]l ^ 14 ] Qa t_g& ocHiUll . x Jj^U p(x I wl ) /p(x I w2 ) ^ 



7Z 2 7Z S n 2 n 3 


.16 ^ j 

qb> qa ^ Ujli X12> X21 '-U^ 3 y lij 

L^sVI JJ*j AJU jljUl JljJ tUl aliAall 

l qu^aU m gi(x),‘ i=l, .., (7 (_paUSJlll A cJ^ (J -^3 (j' Q^ U ' 0 ' ^ ^ Jaaj (_£l 

. 7 ^ ^ UiVUJI J£1 gi(x) > gj(x) 'i' wi \ J! x P'j^aJ' 

w ’’l I ial^jVI (-ftluia 



uj\ irT^Vt Jal^JVI t iWaa .17 {&. J o^ 

Bayes <-ii*aa 



; (jSjJoj Bayes L 

g ; (x) = -R(a i I x) jUskVl fiUJI flak 


ft (x) = P(0) t I x) 


IL4JI a^ a!*} 


(jj.ll j)j£j L Sll jli jj 3Jta ^ f (. ) clip, t f(gi(x))-? gi(x) (3 lij 

.<EU* L iLilx^aJ ^uUj ^ 4.JU1I CljljLili.Vl (j-<a (^1 - (Jl!Laj 


ft (x) = P(fi>i I x) = ■ 


/?(xl6j.)P(^.) 

Y j p(x\Q) j )P((O j ) 

7=1 


5i(x) = p(xlfi> i )P(© i ) 
ft (x) = In p(x I W.)+ In P( w,. ) 

Ja^udll (jqVi lil m RJ y ,, y Rc 6 jlj£jl C ell £.Ljaa ^InVi <jl jIjS jlilli u] 

Ak^ai u > jl JJt (^Jalia .wi t yaL^L ? xj ‘Ri x u \* j j± i cN gi (x)> gj (x ) : 

.ClI jj-a]! e-LjaS jljlll Jjd*. . 


jl jSil Jpatia 



JbuVI ^Uj t i wa^il .18 j]| 

4JIa 



: gJUll (Jaai (j! (jbaJ JjOj (Jab .g 1 > g 2 W 1 Jx 6 ^“- 6 <jj ‘g 2 J g 1 jiiJb ( 3 **!^) 

bllj Ijc. l^i j'Jj eg ( X )> 0 tj) W 1 j'Jj ‘ g(x) = gl(x ) - g2(x) : bj^SLu <Sb bTjc-Otj 

;d)'i3L*_a]l (j^i (JjKjui (3**luij La jail -e?' 3JLa. ^ _VV 2 

g(x) = PC®! I x) - P(®2 I x) 

. . . p(x\co.) , P(co,) 

p(x\o) 2 ) P(a> 2 ) 

4-aUJl 4l*l\ Will 4iL&t 

Lijaj yp (j 2 ) l cr e □ ls jb*-bl •-*' j^V' j a e Cj Gaussian 

+ ’ -ajuii 


p(x) = - 


1 


(lK) V2 (7 

p(x) ~ N(p,cj 2 ) 


exp 


1 f x — 

2 v <? j 


:u' u ^ 4 


au au 

p = E[x] = | xp(x)dx, cr 2 = E[(x - p) 2 ] = J (x - //) 2 p(x)dx. 


(LjjjIjVI) AiUaJl (JmIaIa 

AJuj^alU (. * Un^j ^j\ AiUall ^jjjULd 


H(p(x)) = — J p(x)ln p(x)dx, 


l°g 2 


UjjjliVl .(bit ) 6^ j (jU ^ 2 UIaxIuj! li] ‘nats^- 5 

jti\ CjIsu (3^3 ^ >^Vl Ailkll £_} .£_} jj£)l qa ^IjJaC. j£JdJ SjUaJJI JaUill ^ 4-iuiluiVl 

(JjfLi al^Jl i^y^jj^AA ^A ^ J 15 ^ jla 1*1 

.Gaussian ,yjjj J) <^_£b jbc. ejUjk^l iid ‘ ji*-^ 

(j-* 1 JJ ^ u. s iC. 1 AjoisS c*aj t a . >»■» i J ^SllLa l 'ax J (_yjLb ^Ic. .laij ji (jlJaJ JaLajVl (j-a ,1).1*JI j)V 

.^kill JUi^ v il xi?. yy jii*j (jba.Vl sJci Gaussian 

J 3 *l a 4 jLa. — Ajaujlalt 4 iliiSJt 

:Aj 1U1I AJua^lb ‘ ^ u jLxjV^ (j-a (J 33c. ( y ( MND) ejl^]JxlLa]l o^^eLall baL»Jl 


p(x) = 


1 


(2n;) dl2 ISI 1/2 


exp 


-^(x-p)'S _1 (x-p) 


; JU1I ^Ja JJ (ji (jib) U£ 

p = E[x] = | x p(x) dx, E = E[(x-p)(x-p)'] . 




a-, y = E[(x - p i )(x y - p t )] . 


2 ^ ^ 

^A ^ii ^ jjl >jj j ^UjLdlLd j Lajta ^A Aijq^xy ^jl 

(jla Ul£ xj J xi xj J xi -1 ^-baiilU d)l luilLd O'. . 4_J^ia3 J 

' a i'j =0 for i^ lJ j ' a-..=0 . 

p(x) ~ 7V(p, S) 

p(y)~N( A f n,A f LA) 

a'Ea 


y = A f x , 



ajLUt ja^aII .^Lix-nla3l CjI£Ij£)I p (x) <jl£ 3^ li I 

<jl L— Lia> t j |j] tx^a ^1 ^jI jjuk^l 

ul* <*£11 ^ y=«tx j ^a c^a A te] . ul* 6 k * d ^ A 

j a x 3 JatSLaVI 


(j^jj nil 


.Ajjjl ~jq 11 <j^]aal| A J 6 ^ ^ja S,AaIxja Cjlg_2vjA I^jAaC- 1 ^iSI CjJ$^ ^3<J) *> 

X \>"M'll 1 _ C U _ U U TVTATTA .•* A — rfiA~ 1/2 t. **t» 


.1 -^jjS^SJ^jIaJI MND yk A = <DA 


Jj^aall 



MND o? j^3j^ 3I cjliixJI # d +d (d +1) /2 lW jj 33 3*1^3 ^^2 MND 4j» n^ll cjIjjxjaII 4itj£ <j] 

; AAxja I 4‘nlMl AilSSlI dj|j Jallill ( XjJajA ^ L_J gj£juj j M- _J .vwi (_£a!I ^^>3' Jal t >n 

r 2 =(x- ^) r IT 1 (x-fi) = const. 

. E Jj3 i_ya olio* a ^'sljlfr Vl (J£judil AjjaaJJ^)ll ^jL^aII # M 1 ^J| x (j-® <aLai^JI j* 



*2 

A 



;4jj^a£l n\l ^121 JIaxIjuJj jkjj $ Ot^ 4 UaaJl 4 a j^j (. iju/alti 

g i (x) = p(x\6J l )P(6J l ) 


8i (x) = In p(x I ) + In P(®. ) 


p(xl«,.)~ %,!,) 

1 ? | ui^ 

& (x) = - - (x - H, y 2: 1 (x - n ( . ) - - In 2;r - - In 1 2. I + In /*(©. ) 

Case 1 * X- = Cj A 1 ^ A-Luafill-uil AJliil 

(J£ j t^gjl (J^ xuj (jl 

1 2 ( . 1= cr 2d , J>1' 

2 : i = J_I 

* £j 2 2- 

. x II X IX • II d 1 1 9/7 \ i _ / N 

g,(x) = — V -In2^--In(cr ) + lnP(®,.) 

2(7 2 2 

- — In 2k - — ln( <j 2d ) 

2 2 

jjl i (jc. dJaluu! 

II X — (1 ( - II = (x-|i,.) (x-|l,.) 

.(^AjlaVl 11*11 


g,( x ) 


llx-p, 

2 cr 2 


+ 


In P(® ; ) = - — ^ r x'x -2ji'x + ji'ji, 1 + In Pico, ) 

ZCT 


i <jc. x r x 
g,.(x)=w;x+w i0 , 


W i=—Vn 

cr 

W iO=^^i+ lnP ( (0 i)- 

1 oL^jVI ji 4 m \i ^£.*1} ^z'O 

£ja ^Ja3 aJVI ^ jJauuj ^jl .A i)a^ <11 ^-C-Za A.Ja^ 4 u«a5ljj (J^jUjojJ < Q u«ox>ll 

JlUt li*] .Lkil Al^l\ c^l^y\ £* (jjilZl ?iW = #/( x ) jZZ l ojUZL. cUjiZl 

w f (x - x 0 ) = 0 J! 0^4 8i (x) = g ; (x)^^l <gZJl 


1, . cr 

x n = — (u +u.) 

2^ ! * ]> llji.-it.il" P(a>.) 


w = ji -n y , 
Pico,) 


to-T— t(H,-^;)- 


JajJJl 3 Saj lij jJl -laJjJ c£^ JaqJI) \y SJutxIejl j .X cJ^^- CjLjlauJl <U.21 *_a3I 

.(JiLajll jJJ (JJjlaSI < — L i ^ aj ^X lii‘ P( WZ )=P( W/ ) 



2D 


.21 <Aj 



obuVl (j-a (j. 1A2LI ]^^\l ^ij A-iijaijj Aj jlkjb ^ Cljl^iilLdl lil 

V P (Wl) .(JjLjui ^11 (Jj^aflJ ^Hl -laid I ^a JulxlLaj t d. _ l <^-*-3 (j-a '^jaC. ^ail CjLjjJjabdl ^JlstlLa *lk]|j 

JJauujjlLa ^)fixjLa ^jc- l*liJU L. I^uuoJ x A-LiLlllfl t P(l4 Jj) 




+ 


*1 

P(^) = .9 


*2 

P(w 2 ) = .1 


.22 <Aj 



.23 (Aj 

Ia (jjoij AilouJl CjV\ lil . Jalia jl jSII ia. <jl£ 6 Cjjjisu (A.J jVI) Agnail CjVI xm^VI <j| Loj 

;^r uAi ^'**'1 jljlll iLkjj S^IS (jU ^jjxjjV) 

.c t> V>- & <Jl x $ (> llx ~^ Ir Ailo^l , ^Si • 

.L-JjSVI JjLoijII ji ^ Vu^q]I ^gjj X o^^t) • 

A^jluud) lj! ijJu^JI CA&jL^a . 2 AJIaII .A-JL.LJa.il Ailu£ll A j^°il nil Jl jiJl 

£. = E ; 2^1 

# (_^^)Ia^ (J^ kl) ) A-SjLaj^ ^A c. qln^iVl S^jUu^II djlij^^^jl 

8i (x) = - ^ (X - f! ; y S' 1 (x - fi ; ) - ^ In 2n - \ In I S I + In P{co i ) 
2 2 2 



-—In 2;r- — In I E I 

2 2 


u' u^4j i 


8i (x) = - ^ (X - n,. y E' 1 (x - 11 . ) + In P(c o i ) ^ 

S^c-ls (jU A q <J£ lil 

.C Cj ( 3 <J] X Of • 

(x-^.ys-'cx-n,) 

.L_jjaVI j5l ji y Vu^ji x • 


x^-'x (x-|t i ys _1 (x-|i l .) ^1-], 

g t (x) = w'x + W i0 , <p“- c- al x ^ a Lille. JjSjLi 

— 1 

w,. = sry. and w i0 = — ftE~V, + In P(t o i ) ' 

W (x — X 0 ) = 0 ;4_iMI 4» n^L A\U*a jl j|]I 

w = 2 _1 (ft-ft) 


1 ln[P(^ ; .)/P(ffi».)] 

— (u. + 11 .) 

2 (ft -ft,-) 2 “ (ft -ft) 


(ft -ft)- 


4 j Jol nc. VI 4_i]a^)jud]| c Vn^i'l # 3 4-^-^ 

I, = arbitrary ^ 


& (X) = - ^ (x - |i. y E: 1 (x - n, ) - 1 In I E. I + In P(&», ) 

= - 1 ft'^ft - x'2:‘x + x'E' 1 l |i. - 1 In 1 E,. I + In P(oj t ) 
= x'ftx + w'x + w i0 


w, — -27 1 

' 2 ' 

W^ST'ft 

fto = In P{co i ) - 1 In I E. I - 1 ft'S: V,. 


j Ua4J! cjVUb.1 


# R2j R1 ^Jj ^joikLa CIjI^ia]! ^LjaS ^jlj ^ AL^a 4 K />i a iil 

t L QJU^Tq]! 


.W 1 gr& A-jijlaJl a !\^ 1 \ j ;R2 ^ £& x • 

.W 2 ^ 4 jqjq^H cRl ^ £& x • 


P(error ) = P(x e 9? 2 1 ^)P(^ ) + P(x e 9 ^ I co 2 )P(co 2 ) 
= | /?(xl G> l )P(ci> l )dx+ | p(x\ a> 2 )P(co 2 )dx 

5 R 2 9 ?! 


ptxi iiJj)P( iiy ; ) 



# QjfL} <jl ^ l^kj l^ixj^a (jjd2 Uaq^jl (jLol^.1 t^JaUjC-l (J£julJ ^)1 'Wa * xuV 

JSI a cilliA 4_IL^ ^ .1 In^s" UajVl jLal^Vl j 6 JldVl BayCS jtjS ^ = Xb 

J^a ^ J (JUu^. 1 L-jLud^J (J^jujI J&J ^II (j-® Ua^JI 

c ' c 

P(correct ) = ^>(x e 91 ,. I &> ) IP(&> ) = X J p(x 1 co^PicoJdx 


i = 1 


* =1 SR; 


Ijia Bayes L Vn^>x> jj >C5 i^i3! jjiill J£2j Jc- V j 6 CjI s-L-as ^uuVi <Aj ^ a >jV^i axusuV 

\ k^\ VI a\~\\ ^jjj (jl l>^ j 

(LkaJ! JLu^j $ 3 &) Bayes jl 


.lilli bl^i:w 2 j^! < P(wl\x) > P(w 2 \x) to] :w 1 j^.) 

J 

lilli Ijc. t^ja :w 2 ‘ P ( x I wl) P(wl) > P(x\w 2 ) P(w 2 ) to] :w 1 

j 

P(Error\x) = min [P(wl\x) , P(w 2 \x)\ 


SjJxl&it ujI jjxIaII 4JL*. - A MiljSit 

*A_i]lo]l 4jc_l^allj ^Ja*j jIajV) (^y* (J 33*21 ^3 ^ ^/[ND) o3 3* !Lalt 


1 


p(x) = ■ 


(IttY 11 I Z l 1/2 

|i = E[x] = | x p(x)dx, E = E[(x - fi)(x - ji)' ] . 

cr. . =E[(x, )(x . -// )] . 


exp 


-|(x-|i) t E- 1 (x-|i) 


^ajj (ji 0^4 


cl iUj^s^W 


Bayesian j ^ j-aill Ajjl£«yt 

(jUiilLjj <ja£j .UJ AjjaiilU ojlc. Jg ^a 6 p(xl wi) J P(wi) l Vu^a ^-lAj^ajj 

4jL^)ia A jar j^a 4_llajjud3l C Vn^\l dilate ^aJJ Jjj # 3J dULlJ 

^A^^xa djljjC. jl *LaLla ^^CLl t flLL-aVl (JA dtdxJI <ja aId U A^jjuIa]! £a 

;^jlij^]a tilliA ciili (Ja*J ^I^aVI £jiSI v ‘* J 1 d ilau^jlill ^tid ^jd ciilil .A-illc. <a!xa]| dt m \l 

(i )* ^Vl (JaIjC- (JjAj j jmlj) (JaIjxJL Aij^)Ja 

CjULuil <JA ^1x4)1 

;<Ja!jj«J! 0aU^)J 

^GOci? . A m a AjIaIc. CjIsu^jj • 

dULlJ (JA ^(D) • 

d!j! jSII ildV Bayesian j^ 3 ) us j 4_Aaj^ l Vu^jl 5il3JJ AjLSqJI 4 _aj£)I • 

J .(JaI jxil (JA^IjujI J dlj dlitj£]| ^jLj <jl 1 ^j£aj <j| m \ • 

^g@<^R p ‘ p(x\w)=p(x\q) ; ajIIjII 4 » h^L id&i jl o^aj 

i a-i1aLxJI dlati&SI (jp> (jiiA 

n-mO’sj ml’s aiic. j* 


p(x (n) 1 0) = 




v m y 




© = [0,1] 



Hidden 


Observed 



P(x I <z\) 


P(x I co 2 ) 


P(x I co 3 ) 



Unsupervised 



Supervised 


.25 fSj jfcuijll 

(JUu^. 1 4 # ;^)^j j5^f CjULnll ^ jll*L> Adjt^Vl JJ.^J 

i(4 qj'q^ll ^ A Jo*\!yUa C^lS ^ m 11 ^lc« (Jjj^a^jl 


jlnxJ I 


p(x I D) = p(x I 0(D)), 0(D) = arg max /?(D I 0) 

^ <a\ii£3l c j t Aj j jajSI *Liaa ^^Ic. (jia^l JUu^VI c_ajxj : Bayesian 

^(J^l j*]l " b ^ q n»x>\l Ail!i£il AjsLJaVl AjalaJI 

£■ jba^l 

<c. jxi^xi ^jl .6^)2 jiLd (Jaijobo (J^ 6,^1 j4ji djliic^JI S={(Xi,Wi):i=l . . ..N} a^j^^a ^jU 

_J-£ • / x ^ \ £= D) CC| qu (JfLl A djlc> jxa'sxa J] ^-xuaiija 

^ g ^ $ o^« ✓ 1 ^ -|ji $ 0 2 + * ++ jj « 

(JjfLj ^jj P(Xl^Vj) ^ <U/i # J3 (^3 Ig j\c* (J^lLai 4Ja\ joUJ ^Latc^jl <C- 

Qj£j C 5 ^ AjJa^iiJa (J£ CjUjjlSI # Qj (4_a. J^) (J-J^ (J ^2 (Ip UjUSIJ ^Ixalc. (J£juj 

p(x I COj ) ^qjq^\| (jUali^Vl (jjjll] lilla (JjUua (J^ xuj j ^i^Jjaixa 

Aa-u^JI AJU j Aj-gjjjIp jUI -A-JlLoVI AJU 

, ^ O' Q ^ ~ * $ 

<_£) ^Ac- (_£ jleC 1 ^ 7 L_13^pjl! A-C. ^ 1 * xnj tULaC- AiiiLaixi (jj^J (jl (jla^iixa CLjl^jJaJl djlc. (j) 

J ^ 1 ] \ i^)>^ A_ijJa^)all . i ~^~ j fcj 0 ; - J 

M D j |0 p=n^ xi0 P 

xgD j * 

• n = ID I e^ 1 ^j-<a ^LdU^jl D 


Z(0;D) = In p(DI0) = X ln P(* k 1 6) 

fc=l 


jUI 4_Ib j 


g.Ljafl ^3 <Ul^ 4_1 jL<i-<4 A )a\ l^lc.^lll-4-ljl^Qy I (jl 

JajujjlLaj > J^ > * J £-0 (j-a <Jj^k mx> D Jutdll Aj^L^. 1 ialaill (Jfl Ju 


^ / / 
^ / / 
s S y 
^ y y 


/ / ^ ^ V 

V ^ \ 
x \ ^ ^ . 


V V x 


PCD\&) 

1.2 x iff 7 
0.8 x itr 7 

0.4 X i0~ 7 

i 2 3 4 5 6 7 

1(0) 




.26 fSj 

(Jc-Vl Jlft <jl ^jiajjgj \ n* > >» :(MLE) l$ 4_ijt£^Vl 
0(D) = arg max /(0; D) 

6>e© 


;Aa.u4)I 4JU 

1 < k < p 

^ J 

V,/(0;D) J 

U(0;D) = O : j& 0 JV*3! ^ u! - MLE J l ? jjj^' 

(MAP) UVlu-l JaJI 

.4 qV^*' l ^3 ^ (jl^' Jl^VI <p (q) c-u^ ^LuilL l(q)+ln(p(q)) q 

Jax^jl ji 4Jakll ■ Wj ^V'^jjujVl ^gic-Vl 

( 3 ^. j t jjjrTuti Ailii£3l 4(J-dl s-Lja3 (j-a ^^^JaUjC-Vl (Jjj^jll ^su ; ^JV'^Judyi ^ic-Vl £ 5 jLoua 

(jj£j y^V^VI 

q Jj 3 4_iLax4Jl L_ilc.Vl (Jc. - LlV^ijujI ^^Sc-Vl 


^(0;D) = 


5/(0; D) 


U(0;D) = 


0 = arg max p(0 I X ' ) = arg max 


p o (0)p(X M \0) 


p(X M ) 


PoWflpd* 1 
0 J p(X w \ 6T) Po (<9 '^dO ’ 

P (z (n) i^=n^^) 

i=i 

(jc. di^jj Jil >C 5 Ic.Vl d*JI (jc- di^j Lade. P(x) (J-dlc. J^l-dL J 1 dd<u 3 


= argmax^p. | tf)]J 

^log ^p, (nflPt*. I ^)1 jj 


arg max 


= arg max ^log p. (^) + log X* l#)J 

= arg max ^log i?. (#) + X log XX l^)J 

Jawjl*!! : Gaussian 

a1\^1) ^ik^j AAjL^OlAj i Jajai jlLalL ^ajjLill djl^iidall ^dtda (j-a <Jj«\ jda dll m 11 (jfj 

• ^JUll 4 Juj^all Ldc. ( Xk <— 4 lajj . 0 = |1 <J Jg Jaui jla 3 l -La 3 (j\ 

In P(x J n) = - ^ In [_(2n) d I Z l] - ^ (x t - g) r E _1 (x k - g) 


V^lnPfr* lg) = 2T ( x n~V) 

n 

(x k — g) = 0 : JU3I Ja Ijiill (ja^ <J CJaJ g J < _ 5 ^aiVl 


*=1 


1 


A=rZ 


64dlj Kjl'l j J CJjjJalU 


n *= i 


^judULa (J£julJ Jajuj jlLa^) dll m 1 (Jd_-a]l Ja5£l <J jg 'S^all Jajoj NILE (j) 

.4-C. j^a'N^all JS ^-ixJ 4 m 11 Jnjuj jlLa <jli tJataill <C. jxi'S^l dll m 11 (j-a flJiJiCjJ ^)5Ld 13] 

jjliillj ^.>^1 1 L^jlall : Gaussian 

^ l-M*’ jjLilill A3jix-aus 'i/j Jaxu^Laii 2 1 4_l*_nia]l pistil JAaILq <31^ 

4 ar u^-»ll < u>^ SUast-a Sdi^, j 4 4 )a \ i^)lc. ^ill 4dt£-aVl $ = CTJ G^—JU j-all ^iidall 4_1L^ 


In /^(x^ |0) = - — In 2nd 


J_ 

2^ 


( x i-^i) 2 


•aJUII 


4 x J ^ a 4 ill xjoj j 


V 0 / = V e l np(x k 16) = 


2-K-0.) 

1 , (^-g.) 2 

26> 2 2<9 2 2 


Jaj^jjudll ^Ic. (J v ^ fcCAlAiaJI Jal&j (_]£ c^)L^a 4 _aj 3 (Jj-all 


X -1 ^ / /3 \ n j X -1 ^ X -1 — ^ 1 ) n 

Zx ( ^ _ ^ ) = 0 + = 0 


t=i O' 


\ 0, 


k= 1 


0 


<uk. J.^V t < md ° J 04}! -g J! jSll ^ic- ^2j t ^1 J o^2 MLE Q\- and #2 - ^ 2 ’ Jju 


A = ~X x i and * 2 =-±(x k -A) 2 
n k = 1 n k = 1 


; AdUl J 


Gaussian jj*I« 3JU 

Ai-i* 4 jt->» ^ MLE llA^J q\ (jl_lJ (J^judll (j-G ^AxlLa <UL^J 


A = — > , and 2: = — > , (x^ — A)(x fc — A) 

^ yfc=L n k = x 

^ * 

(ja fl JAx_l ^jLud^Jl (Ja*_a]| ^A NILE J \i» 11 Jajuj jlLa ^A Jajuj j2a]| NILE 

(x* - axx, - £y 

e ^ ^ # 2 

fl (j ■* djUa^ix^jl CjI ^jxixxi (Ja A jl3 jIaII 4 x>jq\l (J^-^ £-«9 ^A _1 NILE 


-i(^-A) 2 

n ,= 1 


ft — 1 


ft 


2 2 

cr ^CT 


^ jUib V aaIl^aII 


;A_i]lli]| ^_i^allj ^ 3-i* Ja S J [X fe] ^)AAa]| 

1 n 

£ = -2X 

n k = 1 

J 

C = ^rE(x t -|i)(x t -(i)' 
n-1 1=1 

/a J)-i^lLa ^jjc. LiCr ^A.2 . ^jjc. 1 - (] A m 11 ^jUu Aijq^^ ^ci/b (2 1* 


AjL ijJtfl c-ilu^J) cjlilil£ : Bayesian 

6 P (wi) j p(xlw/) ^ j*-* J' P(wilx) cjVUu^VI a^ jl Ua c_aa^JI j] 

c^ 1 ‘ Bayes jS-« c P(wilx, D) ^ 3 j* ‘-a-^' lj 4 tD olla*^]' <2*J' 

:ju> 

P (a ,,lx,D)= , 

2]p(xlo,,D)P<®, ID) 



.AjjjquJl i** Afl j L Vu^aJI dllaljS jJjilJ L " ^ \l r ^ 1 CjLg ^IxaII (J-axlL^j 

;A_ill!ill <UL^JI Loj^c. <LaxljaL^jl 

P (wf) = djULoi^jl i^ja l^_iic. (Jjj^a^Il 6(Jjla jl Ldj^c. a hjjuA] CjVI • 

. P(wilD) 

.Dl, ...,DC djlc-j^s^oll ^j*<4 Q (jl (j£j<4J L_JJjlill A^,j A y A • 

l -t- j '\' p(xl wi,Di ) jpb W Dj '->'4^' • 

P{CO I X D) /^(X I (0- ■ Z) ; - ) ;4j]U]I 4jt;ii^a]| < _ j ^j! ' ''^ ,aj3 I^Sa j 

^p(xl®.,D.)P(<y.) 


(_]£jud]| 4-L^aiI^]| (J^Lui^jl (j-® C IjAjc. ^!nj 

p(x) (Jjg T^a (j£J dulfi JUu^I liila JLlj djl m 11 (j^4 J) <c. (jL^xluil 

. p(x\D) 


A^UJ! AjjIaUI :Bayesianj^& 

Ja^5U jl Jjfl Jpl jj^ I (jj ^ ja q q\ jilx . j Bayesian 

lila^V La^JC- j-aj l«ia. AjljujI j (Jj£j <^11 j p((J ) S? jaL fiJ^ djV\ AijjLaj^a J^l ^*J| ^jli tCjliUJ! 

(J-al jJtil ^3 (jlaxJ c :> # \D ) CjVI a\^\ Bayes cJaxILluj (jl 1 ^cjULiJI 

^jIxj A_lXlllXl ^jJa jJ t 4 flJjabqJl dj^l xn^Vl gjjjJal <a^.2/Ul dj^l tgjJ^kVl (j-<4 CjULiill £a ^ ^ JJ 

. Bayesian 


p(x I D) = | p(x, 6 1 D)d0 



;A_i]llill AjUj^all ^Jl (J jj^a C j£-<4J A_lla^)jud]| (Jl L_flJ^)su 


p(x, 0\D) = p(x\ 6 , D) p{6 1 D). 

; (J jill (J^^ <alj$3j (jia^q^ll 1 iK to <j| c >% n^\ J) ^jc. (Ji!Lau4 <J jVl (J-<4l*Jl 

p(x I D) = J p(x 1 0) p(0 1 D)J0 


6 ujj^ d e lJS Bayesian & 6 0-J j^t) d o? ^ 

<> jji^JI JUia^b i> ^ jA 0 J Ub.V VULa.) Jjiu ^ j/ 7 ^ 1 D)^]U]| AJ^L 

# D CjUijl*^JI ^ r - cJ lJaxJ Bayes ^ * n«^> ^I^jCLJlj ^j£j b*13i *i*j . p (@ ) 6 


.^Lijt^al aIIc yy 9 '' C5^^-J J< v *‘* j L_jj^jawi jy = 

; 4_ilUll AJuj^allj (. - g 


{x\...,X N } ^ 
J (>iUI JUSatfl 


Pie I D) = pvwm =mfi P ^ m , 

P( D) p(D)if y 

p(D) = Jp(^np(x"0W, 


4_ilt!i]| Aajji -*allj <- * im-vj £_nlaj J-olo Cl 


o T ,'.'^^ Sj^aII ij!jj*1a!! jjJjj - Bayesian 


/?(x I D) 2 ijU-./'li (JLua.^/1 4iliiS j /K® I D) 2iUl]| i ^ . — . \ Bayesian 3**^^ Uc.^ 

p(x I p) ~ N(p, E) ^bbl 

CliljjjCLJI aIL^ 

p(x I [S) ~ N(jU , <T 2 ) : C5^ j4^! ^ ll jo^ JA |Ll d 


p(//) ~ N(jU 0 ,(Jq ) : cs^ 1 ‘ (a gr*^' tui^ 1 :<iC^' J^V' 

<jl £ p(ju) (j^a uLjJ^^ |1 ^j .AilouJI Ujjj^. (jj^ Umj Jojuj jIaII <J (J^-uuJl ^i*-II 0^*4 p 

;4_i]tli]! a1cI*_a]| (J^ixlLaij pv r i X fc) Ai^$ji 

pip |D)= / (DI ^W 
J p(D \p)pip)dp 

n 

= aY\p(x k \ p) p{p) 

k= 1 

• aJU]| Ai-L^all Jj^aj £jjjlil! CjLud^J 

pip I D) « p(D I //)/?(//) 


= cr exp 


= a exp 


z 


■',: - /' 


+ 


—\o) 


P~Po 


^ 


2 \ 


V ^0 J 


r n_ J_ A 

V ° 2 °lj 


p--2 


— Yx +Ml 

2 Z-iP 2 


V & k= 


M 


'0 J 


2ab^A^ ID ^j. a "j 01 '^4 j^l [X Jc V fjft J-ljJI o' ^ 

biiii _(_JjjJj 1| 1 - ll 1JC- (^V ^AJaL < _ s £fi pip I D) <11^11 .■‘LUUaL AiljS ^ 6 ( _ 5 j*-4JJ JJ, J 

:tf Ml UiS til 


Pip I D) = 


1 


\fI7ra 


-exp 


r P~P, V 

V a n J 


^ic. cdj^Lalx-<i]| A^jUa-oJ Lilli 



1 


n 


t±L = 2Lr, +^l 

2 2 r 1 n ~ l ~ 2 


, -Iv 

4 *1 1* \i Jajuj jILq ^ lLll^ 

^ A . =) 

2 

* j /^n (J£juoJ 


M n 


ol = 


fICJ n. 


ncrl + <J 2 j 


_ 2_2 

rccr 2 + cr 


A,+ 


ncr 0 + <7 


-A, 


2 

I3& (J ija* Uj ^ jjjjakj <j-a n 4-la^-^La jd J cJj^aSVI 1 njxi Vi ^ n ^aZa 

^jroVn a A >>>j 4Ja^.!)La 3^ . (4-atg.j ^-Si (j -a cljjjatj n La£ cr 2 / n ^ c_jjjj o' 2 ^j^SUjj 

Lli 4_lli ;lA2k. ^)3£l ^ ^ ' jP(/^ I D)u^S II Laj <Loj3 Uj^i^. 

Ravp.sian aIxjj c_a a \x-<j til aluill I3& AaWa ^Ul /*ua l_j u3j n /Ai F)ir^r 



li£jb j . 1 jLoij IgX. ^ill j 4 JjL*i CjXiU^llj A)j t^n (j-a tA-ilxk <c. <^A 6 /^n Laj>*C. 

^ — > 00 u 1 c >% ^ n ^ fi n ‘ L)\* a 0 ^ ® 6 131 # A) J fin La (jlS-a <^3 A (jl 4-k^.!>La ^j£^aJ 

(JI (j£-AJ ^331 CjUa^.!>La 3 iC. (j-a tilliA 4ilj jd — jd q U^ ^J>lVlU*iVl 1 nqjq^s <jU ^ 0 *13} 

^ \ " *** ‘ ** * .^ptjjW 

.AjjI AC. ji <^£-33 cr 2 / (^- 2 Ajjaull^jU 6 fi n = jil n ikL ^jaJj (3 jP* ^^ViUrt Vl J j ^a ^j l CTq D (T 1 13] 


p(x I D) = J p(x I ju)P(jU I D) J /u 


f 1 

f 1 

r x- p^ 

2 

1 

1 

^ X 

M~t*n 

2 

J 72l CT p 

_ 2 

l cr J 


727 ct „ exp 

_ 2 

{ a „ j 



p(x ID) isa^^all Cjljjii*ll <JU 

• 4_Jla]| aJjL*_a]Ij 4 1 1->-» ^ 

dp 


2 k< 7 <j, 


■exp 


1 (*-/Q 2 

2 cr 2 + cr„ 2 


f(<r><r n ) 



f(<T,<T n ) = Jexp 


la 2 +a 2 / - 2 ~'- 2 ' 


O ^2 2 

Z CT CT i 


]U- 


^ n x + a fi n 


\ 2 


n V 


2 2 

G + CT 


« y 


idjU 


p(x I D) oc exp 


1 (x-ju n ) 2 

2 cr 2 +cr 2 


c - j (jl 1 4 -ilc. 


/?(x I D) □ N(ju n ,o r 2 +cr 2 ) 


/?(jc I //) □ iV(//, cr) UJ&J J ULlc. p( x | £)) t i'u ,->1 1 JLua.1 ^Ic. J jlall] 

2 2 

Ja ‘ a^Lall /jlS LaS Tl Jauj^ILall ^ ^ n _j CT j 1 i_j jj ^ 


JajgjjXall ^Ja^jjJa-ai! Ai^jx-ail ^jc. X 4 j 9 l_JaVl - Q '^ jj 

(tJV^I ^Vl ^Jl) Jlia 

54 l^i djja. <, p(x I //) = GJ//, 1 ]. jll -^21 ^ Gaussian SliUaj SJ 34 JI J=lii]l <> N -^c- fe 43 

.(Ja!_j*JI .}.lxIL« (X gjluia AjlLaiald P\M) ~ ^^{0,(2 ], i^Uil tila. IjjjS (jj£j (ji illaj V iaxu jiall 

■U\l\ ^K 3 I *Jbll <j) 

n=l a 

J JV : aJU 3I <i^l ^gic-Vl .1^11 (jili 

-- i/ Z*» ’ 


A^+ V 2 n=l 

/a 


W l£ ^ lijCr^U (j£l \l A )\\ Ai"\VI A >J u]l j Ag^tj AAJjai^jl djVl 


iVD A- 

<2 


( 3 Jjoia]| (jLdl^VI (jli 6 6 ^) 2 jlLa CjUUj A * jJaJ |j] ;I^£a (jjaVili <jli /[J* ^y (jLdl^Vl 


or 


AajjalxJl Ax3 ijIaII 4 x>jq\l y^j L-Sj^ i>n 

(|jljS5ll Bayesian ^l5*j 

n 

D" ={x 1 ,...,xj p(DI0) = P[p(xJ0), 


k= 1 


p(D n 1 0 ) = p(x n 1 0 )/?(D n_1 1 0 ). 

;aJU 3 ! Ajuj^II U^jc- n^->j Bayes cJ i j /?(6>ID), 

p(D n l 0 )p( 0 ) _ /7(xJ0)p(D n - 1 l0)/7(0) 


/?(0 I D") = 


J p( D" 1 0) p(0). J0 J p(x„ 1 0) p(D" _1 1 0) p(B) dQ 


P (x„i0)p(e|D"-' )£®yi 

P(8) 

p(D n l ) 


P( 0 ) 


| P(x n l 0 )p( 0 |D nl )P^i p( 0) d 0 
J P( 0 ) 



;4_ldtg_i]| 4 (JjA-a ^11 l^j^i 


p(9|D n )= f P( Xn ' 9 )P^ 9 l D " ' > 

|p(x n l0)p(0|D n_1 )d0 

• ^iU 1 IjlA p(0|D°)=p(0) ^ 


p{ GXpCGIXjX^GIx^Xj),... 

<Uh djlab£3l qa <iudLd3l ojiA 4 _^ jj Ui^jc. .(ls^ j£]l .lW 4jjlj£ill Bayes 

.Bayesian 'j-% uAj *->]* JA*Jl s jfc Dirac delta 

Bayesian JA 4 

c Vu^>'l Cjlalii^ ^ 1a Bayesian ^^Sc-Vl a^I^VI 

^ 4i I ^Lud^ (J£juij ^Ac-Vl AjjI£^VI .AjI$J 4-iaj^l CliljUj j-ajj La^JC- 4_Jajjud3l 

^^*iL <*) Bayesian <^j (blauVI <JjjaUiill ^wuni qa <jaj ^gic-Vl a^I^VI 

LollJ ^gJaJU tCLll^ * ^jjuiSClli] ^jLi^Vl L-licJ 4_ljt^Vl .(bljuVl 

jli ( sUast-G §jj j^j '^±u,ia aj\\ a!^\ c_jjj^j CjUUJ <j£] ^ iLo^l qa ^ ^->*3 Bayesian 

ajjIS^VI bjA ^ ^.a (jIolaII Bayesian jSSl Jl^*2uij ) aSj ji&l Bayesian 

A qVi^X> 3 <^j iS^S* 4 ^Uudl^jll J \'\a 2>Lil A jjjgLAll A j\\ Al"\VI £A ^^gic-Vl 


Ljjjjjji cjUj& ;jbuVi jstuu) 

a jjjoLA]! djVbu^Vl b] (jjdiij p(x I ■ ) D 7 V(ji ? .,^) ^jjq n«o\ 4 j*j jIxjVI s^^x 1 a]| cjIsu^j^JI 

;aJU3I Ajuj^IU a. iSax x> Bayesian Aiudj <jti ^jUiLi^ 


I °° 

ne )= ;& f c 


/2 


r/2 


du , 


Mahalanobis ^ 


r =(|i 1 -|t 2 ) 2 " (Hj — |t 2 ). 

^ 2 — cH&g((Ti ,...,^Tj) Jaj^)xaA <J£ jjgJ Alalwidl AjLaJI ^^3 J* Lajoj llaiJI 


=2 


t-1 


Mn- Mr. 

v ^ y 


jlsuVl 

Ajakj (Jl cJ^V 4_Lft£ jlsuVl (JjJaSl ^r n^-il ^jl (j£JoJ C <JUqq) 1 A3^ Ulu 

^Jaj j 6^1^^ # ^bVI (jl (j-d V^J 1 jjujVI ^ 1 djI^lAll ^ W L)> C*oJl£lj4jl 

^ qju^H J ij^. (J^ljj 4 K tax> 
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. jL^V! L - ilc-i J c <nu«o‘i\l j>a 4_Ll3 <3^ Jl (_£^jJ 1-1^ 'c>M* xill ^oLaill Jc. SAiLaL^jl dljl Jajl 


Jatjxit (jj±i CjUIS^j) 


til Jdall (JxitxJl jjfL La Jilj .Aij^)*^a 4 jlVill 4iLi£Jl <JI ji (JI^jujI jl (jJ ajj 4_ilc- <^-fl^)Juj4jl ( ^»(jl LLuoSL 6 jVI <J^ 
A_lLo*JI (J^Louall j>a JyJlxJI Lad t4jad A j^Uu!>l£Jl Jal jJtJl dliLl£ ^)m*1 < LiLaC- 4 Qj‘<w\l ( J Ai^L^axa]| dliLa^lj LaJ^La 
Jaldc-VI £-}jjlb (J^qjLLuiJ jl j£JaJ jll j Jal jC. jjiJ <jll dle-I^^VI liA JsUj .4 jK xu ’dAsda dliLi£ jxajJali 
; Jal JC. jjiJ dUdll (jja fA J Sic- tilliA 4jWlll dUL&ll (JI£Jj| jl 4_idjll jjiJj 

I jl\n^g jl j£iaji iA y Yd dlilxdjJl a^A <djl£ 13] .4_naJl JaUajl jxa pfe I Oj ) 4ib£ll jAxdjJ dblj^.1 • 




LaJuc- 4 aLjaJI dlib£JI 


P(^. I x) | pvu^V' ud s. j^M • 

J Jll (Jl ji Jl D Jjja L_lA3j J l(JI JiSJ jjldlj jll L_jJVI jjl 6,^C.la • 


Jda^fl ialak^JI AJhJa 


j-<a Xs j J-a (_£d jl . 4iL&3! 4 jll xTj <Ub jj ^ ^pj Ljjjwo’l (J^_jujVI Jail ^A jL^a^VI Jaladall jmj 
(_£ 6 (JjLaaII ^«\ll j-<a (jj n Jl) 4 Vil ‘ill dbu^JI # 4_Jjbd J dl Jill jxa (jYi) <•— lAj iic. Jl Jolla X 4_^J! 

(J £ Jl Jat^jl Ja Jjuo till! isu n *i dl j dlji Jjl 

J 4^ ^ J? J 3 J£4 .wi Ji^ll j? xj , j=l, ..., ni ^LjJI c> ra ^ o- 3 Js4 

4ilii£ll 4JW p(x I ^.) t JL^VI UslLaII j^dj .kj d)j^> ^ x z e J^'j bj ‘ j 

;4_alLlll 4 xJj^all Uj>i"\ L_S^)xJa 

k, / n. 

/3(x I co ) = — xeb. 

1 V J 

m b J m . bj (J4l ^ ^) 

[p(xl&Odx=V [ - J -dx = — Y fc. =1 ;^12SJI ilb ^ p(xl^ ) jljxaJajLk^j 
J nV n. ~l 1 


P(xl^) 


^A 1X1 »H*JI 4<2kj^. 4 K il\A L-Loul Jalij L-UJJJ JalftJj (j -pi n^>'i <j A jUkj (jl 1 Y)^\A)*\ 

cA-ljJUi CjLlgJ ji ^gj\ x 1 UU-v Z\\i (J» -VJ <jli jjl^. ni lil (J-alc. ■^'■1^ 4-j) L—L12kJ 

^ 1*1^. G i* >,o <jl£ 

^jUa^VI hh^^aJ) <Ljia ^ic- JliU 


iGaussians <j-a ^ Sj/Vs*ti illill ^paiu 4^.1 j ^xjj CjULj J^ajjg^ 




pj^U^a 3 






11 


.30 



L_±^jLg (_]£ \ Cl 1 vW*' kc*^yjil oCjjjj ^j£iua 1*1^. (Jtx3 JoJoA^aJi <UL^)laJ 

^jj£j J c £4 Cj lULnll (3^ J J) 4 >1 *\ } UjuJ 111 t Jjy-uilill CliSj ^.Liil Jy Cljbl^xJI CJLai <jl jA <lac- liilc. 

LpC-L^aJ Jj*j J t^jcll^all CCc. jV ;x dlli djlgja. j-<JI J] Jaftfl <jJuU <j £J # !^ - 


N b =m d . 


• A_ii\Clil AJuj^al! L-Loi^ tillCj (J A-jAat j\l 


4il^4JI jjjSj 

; jA R ^ ^ x u' J . Rl y R2, .. (jJab-A]) <LaiLuj *X 

/ J = J* l ? ( X ’ )c/ X ' 


j* R ^ ( =^ixi k u' J'^-V' . p(x) J IsJaOijj^lu^JI x 1 , ... , xn^CC' (> d <j' lP 3 

:JU' 

r. 


k = 


n 


R' (1 — R) 


n—k 


V 


CjLuJ] ( >^3t ;>]! (Jj . var(^) = nP( 1 - P) E[k ] = nP ^ k J <*ijidl <^]lj 

;<jHj!I <*j*^ 1I slia*-a ^Ijjuic. ji*^ 4 Lk-aji _>a (k /n), R 


= P, var 


P(l-P) 


n 


J 6 jj,i3l Pk .P J bL-iaal (\ x>jqx>^ n^>j k/n. j <jji n ^ UiUc. 

p J ,ii^. qix> Vi j& k /n ^ 6-iajuj jIa 31 
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; JSjolj J J» R tJ 

P = J p(x ' )<r/ x ’ ~ p(x) V, 

/? 

;A_llllill ^Jl (Jj^aj Ic£a # R _J ^A Y j R X c>% 


Aili&il jjjSii] JajjJii 


VI >V2> V3 >... k-ll Rn jjtU-ll ku . n =l,2,3... s^M o2ul J)1 a]I AAjuoL^jJI ikli lie J 
pn (x ) lit .p (x) J n u^4]l j* pn(x) u' o- 0 .Rn ^ (P4ft)l ^As i^. ja kn u' u- 3 

•CiliajJ (jl (. - la>J Jajjjuj Alfilj 6p (x) (JjIS 

.(JL<all li m K — 0, 

w n — >oo 

p £_* (jl L_fljjoj k /n j 4=^ o* ^ftiA <jj£j <jl Rn 1^ lim& w — 00 ? 

. p (x) =0 ^J-^J 


L_Jjlaj (jUuJal 


k!n = 0 


( KNN) shj^N j Parzen SiiU 

jus i (^jj! (j^JaLiA]| (Jjuj^Laj ^le dlliA ? R7 , R2 , .. ^-ijaiLaiil ^le cJ v c 

]S^lel Jaj^)jul]| 

Vn ij.w*n aA jVI <alai^]l Q 4 &. J^dij <L^)ia3l 6 ^a • (l-JII) jl Parzen Siali <L^)Ia 

j j*j A <A>Aj kn /nj kn <jl JkA R„ = l/Vn 

r . .... -P ( x ) J- 1 1 **^ pn(x) 

^ \l LiA ( k n — • (JLo hn g 1^1 Li 4iaj^)jail e^A ;t_J^flVl jtaJI 

■x u'j*?- t> kn ^ S4s Vn 

# i ^gTije A jLj (J dili CjliliVl A )^eV ix >>s~i <il qa ^c. jib aiA lil£ 


Parzen SiflU 


Ajuj^alU <jli 4L_lx£^]| tilli AiL^. (J ^Ja ^A kn 1\1 . il*-jVl iialLa L. 1*^ ^A Rn A qlVl^ll <jl 

•2LMI Siftjlt ^bCiVj V =h d . -kJU]l 


^(u) = 


1 lw ; . l<l/2; cp = l,...,rf 


0 otherwise. 


l_ix£^]| Ska. j l_a^)c£j ^?(u) 

tx Vn (j» Ljxijl ^ xi ^) ‘ *P((x ~ — 1 

lie 1^3 ^)jj^aj 

;<jllill Ajuj^alU ^JaxJa l_ix£^] 1 liA CktiixJ! iie. ^jl 


, x K ln 

p » (x)= ^r~ 


1 ^ 1 f x — X. 

Pn(x) = -L—<P —r^ 
* «= 1 K l K 



pn ^ duaj /oiaUll Cy* <- ViJ^a (J^aLlaij (ji 1 Y&a)^ cl_i*£-<JI SiaU ^JJ LL jaijl (j-^ 

l * lial x jg ^ l_l^. j^j ^aLoij <ic. (3^ <jl L-Li2kj 4 S jL^II SiaUl! ^b .xi c ‘* d n» ti j x (3^*-* (x 

.x 0^ 
:3 4^ Pn (x) 

U - 

.1^)^ - 

^ lx x> jj 4_lb tg juoaj Sbbll <Ub <jl c _ AlalL (j^-ojJa-a Qjfb (jl (jfLaJ 


(p(x) > 0 and J <p( u) du = 1 . 


S n (x) = -?-<pA 
V, h 


p (x ) hn o^' 

;5jyi 


n n 


. „ ; J^dl£ pn (x ) 4^ ‘4 

p,s*)=-Y,s n (x-x i ) 

n , = i 

(5 n (x) (j^j^ j l 5-^ t> <_£ (^c- jj jj hn ‘ ^ 




qa Aillkxi ^ja 445!^] jlauVl ^jUj Parzen ^ ^jjb J£Jdj (JSLoIaII ^yt-ulall ( xjjaj3l q c. 4_I!l3 # 32 

.h 

i 3 n (^ — ^/) (^1 jjjiiiill ^jl Jb xi s^iiau uj^ J 4 1>3 x j 6 ^ n ul* ‘b^ hn b) 

;^3aJJ A qVi^3^ fljUajJI (j-® n ^^Ja&VI j£ _>dl ^_A pn (x) gjS . (J n (0) £y* J&' <jj^ 

.p (x) (J U^ijJ 

jSjdl pn (x) ‘ ?JLaJt ls* -x = xi MJ* b AjtJbli A x>jq\l <jb cljLi. ^ixj^a Jm bl 

.JLja* M L_Lkb-sa M LlA Q^q)! J iLiixJl ClAjJaJ^jl (j^ II ^>^3 ^^JaC-Vl 

so^ pn (x )j ‘xi cs3 SjSj^t Dirac- delta <> ^„( x_x ,)mj^ t> hn 

> dj\ \)* \l gj bl^l 4_Sl3 ^-A^aC-Vl jS ^xJ! (j-d 
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^)ll qa ial JI ax1uJ_j tdiliic. (j-o <c . jaxo (jjoij Jc. ^jjjjaiVlj Parzcn 4ilii4jl 

; <jl diiaj p n ( x ) ^ ^ ^sb ’a1 (Vn j') hn ‘<j' Jj^' ^Je- 

1.1a. (Jdl^jl ^ jjJa ^11 (j-a ^gjlau.ui (jja Vlll <jli 1.1a. Vll ^] 

^gj\ Cy* ^gjl»-;i*.n (jti 1.1a. ^)j» y n !3! 

.&) 4jjjaLi3l ,lLa^] liilc. 4iU tdllnaJl <j-G J j.la^G <jl£ lil 

n Laiu ^ Jqjj qa djjjaj Vn Ujla 4dAii*_ll qa jjc. , 1,1c. Uijc. <jt£ li] 

.p (x) ‘bjsd 1 Ailj^il ^ pn (x ) Jj^4Jj ‘lly^ 


4 ji>Sn 

;J< ■ ~~' ^ (j ^£j ftisLiil <Ulj <jl _ jQ • A ajsu tt^ Jx I L alt 4_i*_nla]l 4ilj£]| ^A p (x) ! 1 (3-^® 


(p{u) = 


— u / 2 


V In 


•cjliixJI ^a 4_i*_iik3l djlali&JI £}^x-a jA Pn (x) . lW^ j& \ 


h n =\! \fn Lh 3 


1^1 ( x-x t 

^-w=-Z^(— )• 

^ i=l " n ^ 


(jl ^-joj^) 1I ^jJajJ ^juj^)11j ^jJa j-g h 1 J n L — 5 jU^jl .^jl J-^Z- (J^-iulj 4c.^jjjk]| 4 j» jjJnll dll m 11 4-C. jxi'sxi lljcj 

<ixJl j jLa Gaussian ^ * j ** j* , pn (x) *n =1 J .h 1 j n c> l£ ^ gftull 

4jljall dlLlixJl djlA^Laui t]^ 1 =0.1 J n =10 J tC5 ajLaJl £JJj3U L-fl^J^Vl j iajuJ j2a 3I Igi (JjjJ ^1 ijVl 

1 =5 J h 1 =1 J ^Utnl IxJa 4-LIS 





:2 <Jl^> 

<alj£ll (_>a WiU Ailj^ll (jl (_pa jjiil (j£l . 1 JliaJI ^ UUu <jj^ ^(w) and h n u' 

j j-aII 

1 ^x>\l 4il3£ll (J (j-a <U!^ (J ^!i£l (J^ n =1 

CjI n,a Vill qa Ji^.1 j V j in =16 J • 
'41j£a CjI VuVil l <h 1=1 j ‘n =256 J • 




Parzen .35 


c qjnAill 

^ jSj J \ (, jVj <jaj c. qju^tq)! 

.Parzen Siali <L^)Ia JIaxI^Jj c Vn ^ AiU£3l u^t) • 

m (_$ jj^aall <1^/111 dV\ <L1 3o^\l ^j\ A log *i c Vu^tij • 

/oiaUll <!h jblkl is^" Parzen c. Vu^^J jljlll (jjlaU-a 


^pa^C. 3U& .Ua jVl h 3 .a nj t\ j\» \1 Jataiil ^j^)La (jj^J^ 1 ^)J* J]> dj j 

SiaUl! (j^ajC- Jipj ^gJaliic.] <J£juiJ ( s ^\ J (_£ jlu^a Jxpj <jl <j£jaJ L_13jdll Ua^. t^alc. J£julJ .Laj^aC. J 

Ua^. j JaLoiVl ^c. Vu^-ij ^ ^ k n<h ji c Vn«oa\l (. Ofr Laj l^ixj^a 

QJ* *>-11]' 3 n^kVI Ua^. ^]pjJaJ V 





< (Jfll h .^j^I a ; ^)j» x ^all 
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J-dljC'^Ul dl \ W\ CA\\\ y\\ 

.^Lnll j-aill Lijl'S j j^all j-aill £da jl j£dl 4-joiij j^^Vl ;4_La j-ajtJl • 

# dl3 ^11 (Jj 3 £jjjjll J 4j>>>ji £jJa ^1 4^1^ 1 uuilq • 

^ Lil nc.) (J^ A*i J L_fl^JI Ailj£ ^Jl (J Jj^a ^11 j<a jj£jl J jp*j tAjSldll dll '))* 1L J • 

J-dljC'^Ul dl \ 1 Vi dLnluj 


# (<U jg^x>'l 4iLi£31 (JSjuj lifljc- 13] </ ilWijit) La j-a jj!&j 1^ uj^ ^ 4-> j'^'l djl_n*Jl • 

# l_jLlu^J1 j yj jdJl difl jl <jjaii3lj <Lajl_^ l")\ jDvi^a • 

(dll jj-all) e-LjaS jlsul £A LpC-L^aJ dll m " jdJ^ll 3^*-Il j-da • 

;SiaUll i'N'n jLikl Jj AjjouIL 4-LujLul^J • 
) ^ Jlda-a jjftjLi pn (x) jj^Vlti J tlg'jli UJ^Lj ^^Jl L-llc-l ;l^. JJ» k^ Q 
# (J^*_a]i *i^V ^>i^j uj ^ j ^ 4 x>g x>n diii^yiikyi ;i.i^. o 

lLl£ <jjujl_La ^JJC- jj£j ^3 dll jj-all s-ldaS j-a S.l^.1 j AillaLa] £jrOi>^v\^]l A_ilq^]l ^ ^ tg_J ^Ull 4_ll-^ll jjfLl 33 • 

A qVl's^a j^lj-a 


yjftfl j 4JI - Kn 

kn J .kn djliixJl j*Jj x ^4^ j* n ^ j? p (x) 

jj^nn 4jl^ll jU tx 4iLi£31 131 .x 4 -ijSVl (jljAsJl - kn djl_n*Jl d 3& .n -3 Saw^II <1W1 jiixj 

^.^J^kll jl j5l! ^Jl fijj^J ILa j lj Uni k^ 

r \- hJjL 

4j (_^i3l (jLal^Vl (j>» (jjfe ^Ladc. ^n ^ °2)1 J Pn'^' yr Li^t:") lil 

]^n dlljJ^JI (^gJaij^ JjujL 4jK 11 ^^k ^jl c'^n^k^ 4_Ai£3l <j 3 LaJ ^ J-aji ^1 Jfe (jl ^ 1>J kn j^ .A-jlaJl ^ ^JjLi ^Ja^l 

^Jl c jLa£lLaj (^^1 


lim„^^/n^0 


£„ =4n 



J 


‘ li) .p (x ) £* pn (x) J j ^ °j 

AilaSJl ^ jSL* AjjULa 

3^3 4J1! 4_!b cijUijjaj (j-<i n ^ac. j (dUi^LJI 3^ ^jsLi Parzen 4 <1 b*n • 

>( ^ji >1,)^ j^juij^yic. 

.Ldajl dlUa^LJI (3S il£ji &J djjiVl jl^JI 4 ^ 3aJJ • 

.l 3J ^ * u ^l l q*.o j] ^^cLj c * <3Wn Umj ^<-**'1 bOl A\ 3^3 (££^£a3l 3 3 Wn V ^L-a^Vl iaixkdl d^ldidd • 
'4_l=i^^L&3j 3 jJafl AxJ Ajljp £xa Li Ac. b-d Ajl^d (3.. ^ Ix^a3l JAc. (jli (JaJjau3l ^jb^a^Vl 3a3ad^aA3 4jub31j ^jfL3 


^V*&uuVI cjVLaa^VI :Parzen SaSU j uj jSSn jtaJI - k <■ iju/a^t 

t ^JVaIujVI <dVLdi^.Vl {ji*ml i]jvL±uii J c j£dj diLuli jiixj Parzen — ^iaU j (l_ij£VI jl^JI lJ) k nn 
j x 3j^ V ^?a31 Cy* 4_il^ ^jJaj IdL bjl_iix3l ^ja fl AAc. qa A^jAyA ^ja Pi^CO. I x) 4 

C-Jjol^ dllitffcjl ^JA k AAC. Jjo^J 

wi^j^ki • 

.<_£ jdl CjIa^Ic. aAk. ki-k • 
:JU3 I ^a p(x, co - ) djiddl 3Ldd>U Jol^JI (jj^'xi]^ 
kjn 

P»( x »®i) = -T7- 


Y,Pn (X ^°j) 


i^uil jA P(^- I x) J 3j^*-3l U^3l 


CO- -3 41^*331 4_ild3l (j^jAa dll m 31 ^nn^i A^^a * 4 ajjbll <3L^.(3l jA (_£A3l ^gJVAlLaiVl (31 d'sV 1 (jjaVi (jl 
tfl (j^J V flsull 4_1 ^.^x 4 j 4. Vn«odl lAA ,4 jl^ll (j-<uAa l Vn«oll 4l_ijA3l Uadll 4-iuu3 

lAA 4 a11La3I c. qIu^iVI dl!AA^)J L_Lud^j 4 33 wi n c. <1 in^ll 4 W j t^dll 1 1» 11 Jallj ^io (3 ijj^aaJI ia£2^ 

m ^jUMl ^^ic. AjluiJi ^ 3^331 c. Vn^o^ll ^c-Aj l qu>->a1I 

ljjSVI jUJI SaC'Iaj uLL^JI 

4 x ? G P) n J ^2j*-a 3' ^ALd3l qa n JAc. 4 ^. jxa^^JI ^ 3c- (Jd ^-1’ ’ n ^ ^j| ^jja^iii3 

AjJlift 6 Ac. 113 1 aAA ^ ^ <xi!>lc. (j^alxadj ;L_JjaVl jl-?Jl 6 Ac. 11 (jli # x 4Jakj a ^ UJ^ 

Sac.1131 Iaa .Bayes "4^ u^ l>^ I £>llad (jli ^-iLdll 3 ac. I^a^c. ^j£3 4^ ^jlii <3^-^ 

LjJJjd Jallj Ig 1 ^gjj (j a f X oUaxxJl L-lJj^jl 4_kd ^gJj L_ljiVl Jallill (3^ (3-43 jJ ^^jJl U^xldJl ^1 dll jAxJl ^IdaS ^ajulj 

Voronoi ^i3lj — 4_kd c. Vn^>j 4i^)xdl Jallill ^ 6 4_iid3l oAA Jld ^ Jallill (3^ .(^ jdl 

# L_lljd3l s-tda^J ^LudiludilU 

^^A j 4L_lJjAi3l dllliC. (Ja k (3lcd 1 (££ JJ^JI 4l3al<Jl Al j ^ J ,e 3ad ^ 1«4^ k 1111 jl ^lunVl 

> dlldix3l oAA 4_iilc.l jljd Ldj^Qdj 

:c5 31j 1I o!>lc.l ^j!1Ua 31 ,\iqVil 4^ajjljd3l 

l " \\ A l^Q*i J<1 0 

^IddVl 4 3ad j dild^Jl 4 3ad 4iLai3l l. n»^j q 

diliLuidl l Vu^j • 

^)» xjoV 1 diliLoL^l £y k (jc- (jjj^j • 






.37 fSj 


Voronoi 



:JHJI (_Jn«i ( _ 5 Jc. ikkjjsua ^t P(wilx) , i=l,2 ^W-^LuVI i"'V' ciijlS lij 
F*{co x I x) > F*(^co 2 I x) 

?c_ijiVt jL?JI <■ Vn-^-a (k nn) ‘(NN) ‘-h.jsS/I jL?JI ‘Bayes wl ‘ Vn-ull jUiLj JLal^j j*L« (jit 




w 1 :Bayes 
P(wilx) :(NN)mj&I jM 


k 


z 

i=(^+l)/2 


fk} 

Kb 


\P(C0 J I x)‘ (1 - 1 x))* 1 


:K-nn 




jjaUI j JjIaj 


(JbI AjAx^jl aZIc- CjUI^I 4 ilt'vti (j* x ! aJa^i^ajl ZjljVI 4 K ^ ^C^AsLa ^jfLoJ 


Aj^u 


.<JsVl - CjULiJI l£-< 4 JjJaaVl (jc- — (PC A) cs ju ^J^ CjUj£^JI JZ^ii 

Jfrl - pjjLua^Vl CjULZI ^ill JjJaaVl JJ^ZI <jC- L '" ^ jj-aZl 

(PCA) c^uijJl 

csZI x 0 Cjp’ xO ^l^klujU [xl,.., xn} d -ZjuVI ji dAiic. j-a n ^ uZ 

Uaa. £J^a 

7o(Xo) = ENxo-x, 


** Jl 2 • 


k=\ 


4_li£^jl Jajuj jlLa ^A (JZlI (j) 

1 n 

x o =m= “Z x k 
, n k=l 

CjULnll Injllulj 4 CjULnll ^3 c Wu^j 4 AstJl iJ/Witl # d)Lajl*^a]| Ac. <j-a - Asuj jAali liA 

<jli ^ jb-A La£ # JaaJl aLaZ ^3 ^U-Vl A_a. j-all <^A C (j^ .4 m II Jajai jlLa ^)JC- ^)JaJ (_£,Zl Jaa^jl ^Ac. 

x = m + ae : -1^' <14** 

;jUst^]l <Ub Jjjaaib Ac jAa-all ®~k HI + U^C (_j 

n 

J l (a l ,...,a n ,e) = '^ j \\m + a k e-x lc II 2 . (2) 

8 J x l 8 a k = 0 (ja 

a k =e‘(x k - m) (3) : ^ ^ 

' ' . * * . * * * * 

Jajuj jlla jZu *e £> 1 ^jV 1 C 5 ^ AaEll ^gJc. xk ^.^all AaluiJ ;£JSVI £J^>-a3l (l)Z]| 

.(n-1) <»— 1 i 3 j-aJ 1 ** il m 11 ((—fl^ytik]^ ^jUu Aijij^a-a l£ & .S 4 0 6 ^ 4 ] (J^afll jI^cjV 

S = J( x *-m)(x t - m y. 

A:=l 

: JU1I (2) JJ (3) J'4^ 

J^) = ±b 2 Hell 2 -2'Y j a k e , (x k -m) + ^Hx i -mil 2 


k = 1 


Jk=l 


n n 


k=l 


k = 1 


= Z a k 2 _ 2 S a -t 2 + Z 1 ^ - m 1 12 = -E t e ' - m )] 2 + E 1 _ m 1 

Jfe=l Jk=l Jk=l ik=l 

= -Z e '(x, -m)(x* -m/e + ^llx^ -mil 2 

Jk=l ik=l 

= -e'Se + y^llx^ -mil 2 



.11 e 11=1 j4 J5 6 c ^ lp^ ^ .2-*-^ e r Se J /I e 4pj^ 

•4_i]tj]| 4 juj^all J ^JaxJ 0L_J J^latJJ Iaj 3 W = G SG /^/G G ^jli .^ul^C-V A icA jJaA ^A ^ <jl 

du/de = 2Se-2Ae 

;^JU3l L-Loi^. S -J -laii^s C 4_^.j^]| (jW c5^ 

Sg = Ae 
e f Se = A 

oIxjVI -^-Ixja *d ^Ic' la^jou] 4_1 ^_juij £joj ijj <jl (j^AJ 4_^_mll ^jj . ^ _S ^Ic-Vl A a idl -l^lj G^SG 1^1 


X 


= m + ^ a‘e / where d <d 

*=1 ’^Lllljll 4 * H«o\l < Lud^. 


n 1 



w 

II 

‘■Q 

m +I>i e « 


Jfc=l | 

v /=1 y 



a\ lax a] I jUslaII 4_ll^ j 


<j] 4 LaA l. I'sj^ 4_illc. J 4 linj. ^43 LgJ j 4 Jajj^a C C C . L — _plJl UJ^ 3 ^ , ^ c ' (JjLjajj 

diliil^^U 4jaJU3l 4 x> ^gJJ jl j ^ 4 -iuujj cjU^a ^a ^ = G/ (x, - in) cj!>Lal*_A3l 

. Hotelling ^^lp^ j? Karhunen Loeve ^^p^ 

tkyi iiij 

;4_i]lj]| 4Juj^allj ^JaxJ S^lkVl -2a j^)Jd]| AatLajL (jjfL (jl (j^AJ 1 (jli d’ <d ^] 


n 

^=z 


fc=l 

J 


E a ‘k*i 


i=d '+ 1 


= E e'XCx.-mX^-mye,. 

;=c/'+l /c=l 

= t e'Se, = £ 4 


i=d ’+1 


z=rT+l 


.cJ^Vl 4 Jo fi^dl ^jall jmj I^A j 

4pjjt jill - ^uui j]| CjUj£-a]| JjWI 

X (n) ={x 1 ,..,x n }, X,. =(x;,..„4) 

d K d u' 

^ — {&i ? ••?&„} — {^i ? ••? ^ } ;^JU3l jIaII 0jU 31 (jla 

;4_i]t!i]| 4_ixi^^l ^L<uc.| (J^aj 4_iic- 

m = -&. 

n t= i 



4 r. ^ lajujjlLa L. hti^j • 

3 aAjLl^a L. Uti^kj • 

; a j 3 —* ^ cijl^_^.j^]| q c. c_ l^j • 

5{e,.,/l,}f =l , V/: Se ; . =Ae i ,A 1 >A 2 >...A d 

* JUll L-Lol^j djiilC. A-iaij J £1 j iA UyjA\ ' " '1 ^ ^ ^Jjd ^ Jj.'C- • 

a' ={e/(x, -m)}? =1 

_ | ^ rU ujjj) uU JjIaj 

:Jlla 




.39 

J (j-a tCjULnl! •aaj Uj^)l 12] A m 11 Jajuj jILg ^J] A \*\ tn ^aJ .IpaJl CjUjI^,VI *Lqj)Vix> (jl 

^ (>» .(S ) gj ^21 J ‘C $231 ^332 - c^c-Vl (S ) al^jVI Jj^ 3 is^ cJ-^ 

Djjj£ CjLg j'*La1 U^jjj V e 2 L&ijJ 6 6 1 l! J ^ ^Ic- ^jj» x> Vl^ j£jc. ^jJal J cJ£juiJ L$J^ ^jl j3l (JHaII 

.CjUUJI c_jj£jj (jc. 

4-UjjJJ jl\ CjUj£a3| JjWI ljIXuAj 

AijL^aA] ^j£3l <jl ClAjj£^3l (jjjlil AsUj <jaiAaJl d)l2 CjULj Uj.} 3 4il (j^ajj|j 

cjUUJI Jja. pUjkxJI jj£I jLj jl c >j l£ 4? .260,12,10 ‘300,278 :^3^ gr* jjli23l 

# jIsuVI cijULnll fejliill 4 -jAxJI ^ j *cs^ jVl <iaiij-<JI <c£Ij 3I djlg^ j- 4 ^- 5 

;(JHa1I 12a ^jc. !2La g£3 



^ 

.40 ^ j 


JJaJ (jl L-UjoJI j a [$& jUjL) ^ g£ ^4 c *>^‘^3 CjU j£>JI Jdlaj (j£3 ‘ (_£^l^.Vl ^stJl jA Jliill Axlll Ua 

#C5 -3aa2>Ul L_ll£jli3! i. g\ fctn^l ^glc. Sj^li JJC. c4jlrs <3J^)ia jA dlljj£^JI 

Cjlg^ ^j! (ja (j-c ^**l\ar <aVV) 1C> 3 W ^5 ^ J Cj taUj tUjJ ^ 



.41 fSj 


XaLJaVb 'S ^jaj 111 cAic- *1 ixj (JjjJ X/ 2 <jlj 6 jA X 1 lJ-} CjUj£^JI (JjLLL 

.X! jg JUdJ Jjfll *fcjt C. AjoU^J <j| (j£^J UfcJ jJa ^gic. CjIaL^jVI C-Laul fiJA 4<j| J] 

cLjajI cUa '(< qVi^x> ^ ji\!i ^Ljai y l^_L<j ^lj 3^) -\ffl ic. 2 j!^j Igi ^buVI CjUUj Uj.i 1 ^_L<ul) X^^JI ^ 

L at ^ic. Vj Xj^xJI gj>>jqVi ^^ic. ^C-LuoJ V 4 jjuUJ^) 31 ClAjjfLdl (Jdi^J 6 ^C.Lo!AJ Ia^L^jI ^aJ ^lill 6<iaJJ^A]| ^£11 

^aJ3 dijl£ Uj) ^£jLuiLa u' c _ j ^IxjVI JS (JjjULo jL ^A ^ a jd n^)]j diljj^x>H (Jjbklij X1 £ju1a]| .Jj^UxJI 

pU^-aJl u^ 6 60-50 lh^ 3 C5-^ uj^-^ Udu 1000000-0 XJU1I ^31 JjVl gj£-ll 

XLoAI jj£I ^ 4-j) ^ J *lW^U UjjSj ^iUll JIxjJI (^AbaJjjoi 


c Z^Xjjjl^JI Xc.jx>-\^JI y ^is n 1 6 xl,.., xn b)^ d cbli cbLnxJI ^ n (jiajaiil 

t\y JaLSI ^ oL^jj ^L^jI l_j jlia-dl ,w 2 X2 ^>*_a 3I j ( ^Xjjjl^jl Xc.jx>^^JI y n 2j w 1 -4 Xa^a-xJI j 

# cJ^2dj CjULjII j^qj 



A liXuali XllUjC^JI q\ .A. jaLoi^jl JaUiJ! ((. k uVll (JjjUL^JI ^A (jjfL 4 m 11 -Lajuo jlixa L_fl!>tikj <jl 

;X2U1I 4» u^lU l. _Lud^j w ,2c. 

^•= wx i 

iajuJ jib J& (j! <jlaj3i2 ^2 J ^1 XjjjU ClAc.jxt'V^ ^1 ajoi^J ^ l** l\ nqjl ^ 


-E 

O, xsD, 


X 


;^A <x3 jIaII Jalaiil 4 m 11 iajuj jib jla 


m = 


m , 


! «=^Z^ = TZ w ' x=w,m < 

; ClAJajuo^La]! AiLoiAll j 


72 , _ye^. 72 , 


I ^ -^2 1=1 w'(m 1 -m 2 ) I 

; 4 _ilUll ^^A wi <x 3 jIa]) dal m " 4 i jq^x>j 

^ = ^( 3 ; -w i ) 2 


~2 ~2 


ysi;- 


-2 ~2 


a^)JAJ ^j-ajJa ^C..ll “^1 "^"^2 j 4£.^Jaa-ail dlUL^ij <— ^A (1 /h)(S1 +^ 2) ^j| £ 

\^g aIbC. I ^jjjxj jLul^]] W X ^iaiJI jjiajll -.yX'. 'J / “ '' *»»J) ‘ «*'■ -q)‘ 

I m, - m 2 I 2 


/(w) = - 


~2 ~2 
Si +S 2 


;4_ilUll c > )ua S\V j Si SjlixJI djli jL^a-o 
•S'* = ~y, (x — m )(x — 111 y 

x ^/> 

s w = s, + s 2 

•L-Lud^C 


~2 


y. (w r x — w'm ( . ) 2 — ^ w # (x — m i )(x — m i Y w = w r S . w 


xgD, 


xgD' 

~2 ~2 

Si + 5*2 = W f S W 


C t UiAi <L^)Iall (JJdiij 


(72^ - m 2 ) 2 -w r m 2 ) 2 = w ^ -n^Xn^ -m 2 ) r w = w r S 5 w 

(CjlilxJl Jjlsu AijjL-sui <JjudUl<i jii*J j) C Vu^q]I (jAjJa Sjiix^}l Aijq^x> Sw ^ 

(jjj Sjj*<iJI 5 ijk^« S B = (m 1 -m 2 )(m 1 -m 2 y 

jAdxdll ^g-Saau I^A 


J(w) = —^ bV/ 


w S w w 




V w 7 (w)= 2S » W W ' S » W 2S '- W -0 


w'S^w w'S w w w'S w w 


w'S B w 

S B w = AS w w, 2 = 


w'S^w 


SjS B w = Aw, 


; JU 3 I Uj lurj Ijft 

^<o J^jou ji 


;AiHj 1 I (_5-2a*j Isa ;ml-in 2 ^ Laita ^a j <11 clna. 

S B w = (m 1 -m 2 )(m 1 -m 2 )'w = a(m l -m 2 ) 



; ^Jl AJaLuUJ # SjS 5 . -3 AJajI JaII ^ajlll (jxa (jJ A_j| ^>\» \\ £A 

w qc S^(m 1 -m 2 ) 

j)A (Jj - ^* a] I jA -*1x31 (J^Jl ?LlA (JjL-a jlll ^ali ^aV] j ?I1 La 3 IaA (Jl Jjjui 3 Ij ^ ^ ^)JC« W-lS (J^-jl^JI (JaIc« (jl liA ^jJajj 

Ajl (JJ3I (j^AJ A_llc> '( o u^»l\l l /Q^j»M 4 nqjl l" \ \y \ ^A A-JjujIjujVI djldUalL^ll j _ Ax, Jl Aj^U.1 Jl AjAXjJI AjJAxj 4 K i^i ^ 

4 ^ AjjLaa 3I jjliUI L—lli Jk^aA £a ^jt-nJall ^jlil3l S^Axja I CD- ) A_Ja^)jud3l L <i n^gjl ClAjujjJ dljl£ 111 

;A_Jll3l a! aIx a 31 < (JiLdVI ^)l J3I Ak l-jLoi^. (J -^4 <!UJI 6 1 a <J .g^jaLaa A_nxJI C ljoi^j (jl (jaJ 


Wio=yf»! 2 "Vi +In/> (®i) 


vvx + w A = 0 : 


w 0 =w w -w 20 


w = S' 1 (h 1 -ji 2 ), 
x = I( + ln[P(fe) ; )/ P(a>j)] 

<jl jLuC. I (j£aoJ^i& JJ\c- I«.Uj -( ^JllgJI _ BayesZ j;j J\\\ t lAk j 

JaaJl jj^aIII 111 Iaj 3 w 1 AaIxj ; JU 3L cJl^ (JIaVI jl jlll SAc .13 jjU t^jLaaJ ^31 jjlsult aJIa Jj t^gxjajl 
J Alii A3 Ax_JI ^aJ pLjafl Jl JalLaaVI (jl LgjaC. c^jJal J (jA # ti331 IAc. 1^3 \y 2 ^*Jxj j tA_ll»JI jjL^JJ 
aJ£jouJI ajj* x^a (jls cilll ^c.j . JI1 a 3I Bayes $>^1 jl-^jl aJ£aI ^>ax 3 £>jjAj aj£ 1*-!1 dill CjIa JsJI 

# W 1 jJ| . W Jl ( J| JalLoaV^A ^)4j£ (J£jaJ 


JAxjaJI jjjaUI JjlVi 

AAC- Jl aI^jVI (jA d. ^Asdl jl $.Lja3 (j>4 JalLoaVI . jjJ^Ml (Jl (j>4 c-l C <in^jl A K /tix> (jxi q 

lil ^QjoLj 11 a _ ^ d > c cl)^ (j^j bja^ jvuMI (Jl (j>4 (^c-1 ) ^I'^‘uuIj ^jj jIsuVI (j-<» a (c-1) 

;AJU3I ^A l <an^JI (jxu-i a S J*^]l AiJ (jfj (J JlU 

s.=ts, 

S, = ^(x-iii.Kx-m,)' 

xe/)- 

m,=-Zx 

«, X.D, 


1^-1 1 Y 

n> = -j = “lw 

n v n TT 


; J$JI Jajai jlfijl A_^.j^jl L_fl^)££ j tilll Asu 

S r =X( x - m X x - m )' 

X 

C ^ 0 ^ J, 

S r = ^ ^ (x - m ; + m - m)(x - m + m ( . - m) : J! ^3=4 u' u^y ^ s 


i = 1 xeD, 
c 


= E E (x-m,)(x-m,)' + 22; (m, -m)(m, -m)' 

«=1 xgD- i=1 xgD- 

c 

= S w + Z n < ( m i - m )( m I ' - m)' = S w + S B 


•A_i]l!i]| (jj^J L-^ljj^VI (j 4J 6 JjJI A-Sjq^xhj 


c 

S c =^n,( m , -mXm.-ni)' 



y t = w ! x 


i 1, ...,(c 1) *4_i]U]| 4 J ajlc-l S^j£,Aa]| ^lL<ull Jlj^ 


A it u«ol ' 


j^i (JLllg^ j-<JI <^A 5i ijix^dl SAaC-V) (jl 6 W= (C-1)* d ^ a^jj 


m 


y = W r x 

;4_ilU]| 4 _UI*_a]| c_Ji^)xj j 

= — 2> . 

n, yc^. 


yp-.y„. x p— x „ 


m 


n,m. 


n 


y^Yi 

~ _ c 

S c =^«,(m, -m)(m,-my 

z'=l 

and S B = W'S B W ^ ^ *> 

|<U]Ull ^A A-udaC-l (j^^4 (jl L ? ^ j t J 4j^al_^Jl ^)Uxa]| 4_1U (jlj 


=EZ(y-* i )(y-ini)' 

i=l yeJ'i 


S w =W'S w W 


y(W) 18,1 I W f S B W I 
is w I IW'S^WI 

;4 _aa*JU I ^jUI A K Aj (3k (JJ& (jl l t l^kj W (jxi W ■ ^ j-oC« LP 

S«w, = A t S w w, 

(jk 4_Aac. (jjSj V la i4jl jL^jV 4jVq11l .^UkAUI AjuI 4_pa*j (j>ijqVl ^j^Lj Aixldl j-iixull JJ^jj jj 

# d)lj ; LUl ^.LjaS Axj (j^ijqVi Axj ■ J£jui4 JacLj la ^ 1 > «o V I £.Ljafi]l 


4jhkll jjjaU) JljJ 

: JU3I ^glc« dula ^Jxal jjdl (££^)laj) 4_iic. *— fl^AUl ^UMl (j^a AjLLudll (££^)laj]| 

4 J Vill JUu^.VI djliU£ (J£juj (jb (^^ial^lial 
.^£4 4_j^al_aJl Jxal jjdl ^4a (jja Vll L_J4^)^]I dllliC. JLaxJjujI 
•^Ull ^glaau lUj^j jj-ixull C_^jdli3l 

, s 71/ | x -Uja3l UaiJI 4_ll_a. • 

g i (x) = P(co i \x) -■ ' 

;^^)JaaJl^ 4 jl 3 jlLdl 43 jl ^^ll £a 4Jal*Jl 4_ll_aJl • 

c 

g,(x) = -R(a t I X) = I o)j)P(o)j I x) 

7=1 

jl j-nxull 4_ ic. jj yu>A Jl jail a44 <4la 4ja>jjln\l 4aU£Al 44.uu3l4 

. ^laqjl j44>u]| Jl ^"iVunI Ujli ^ (jl^ 111 


# 4_ijllll (j>4 ^ j'^ll 4_bl*_* dill j44ki Jl ^Vn/i Ujla J J^l yic.1 2- ^jl£ 111 



V <|£^)la2l ClAiiaJI (J^xxJj^Tjj c^iixull Ail^J *■ ■tall (J£jud]l UlU j L_jl^jl dI*1A 

4-1^-jqj AjJaL^Jl j-U-olill dli^ .-kifl A w ii q A. iLa^jl CjULuII CjUL J ^ jujI A3^)jl-q c _ lilajj 

i 4 t ^-v U 


u^ll AJIa - jljlJl jLLj) j AjkWl JjjaUI Jl jJ 


l _ (jl 0^4 A jXi\)l jjjxn" A_Ib 

g(x) = W,JC, + ... + W rf x d = WX + w 0 

ajj^JI jl jjp£)t = w 0 ‘ a^^aII ojj = w <jt 2 _ip> 

^A^a.^Vhti^li djl^llaj^a^jl (j-a A_jj^) 3 UJ^ C5^ t) ^-*2 ^ (^ilajjuj A_^H1I L_j| ^ jVI <^i) 

;Aa]U]l aJlC-Ui (3flaJ ^j iQu^l <. iL^a^ll 

.g (x) <0 ti] w 2 j g (x)> 0 ti] w 1 



.W 2 Jalaill \y X *£>aj^a^ ^ail Jataill (Jj^aSJ ^Jajoa L_fl^)c£j g (x) = 0 

2 ^Jl CjI^iaII s-LjaS ^ > n<h fX .(H) LS jH-^21 jA ^Jajuj jli c ^ g ^x) A_1 jIjl 2I ^-^ c ' 

jllic.1 jljall ^clajuj Jc. ^Sj X 2j X 1 lit .W 2 2 /?2 J ‘W 1 2 /?! c-flL^aj| (j-d 

: Jtit 

w r x, + w 0 = w r x 2 + w 0 
w r (Xj -x 2 ) = 0 

. jjijSlI <_£ jluuJl ijAks* ^Sj A_pj^a Apuullj^yj^ w 



*3 



.44 fSj 


x ~ + r- 


w 


w I 


x lij 


X 6? AiLuiAll <^A r J ‘H x -5 grS^' (jJ^jJ') JalLuVI gjA xp (l) 1 

; jti]| liijc. <jjli <Ula tg (xp) =0 <j' 

g(x) = w'x + w 0 = rll wll 

g(x) J ’ 


r = 


I w I 


.R2 ^ ^ x l\l r <0 * R1 cs* c 52 x tij r> 0 : W uj^j <aW]l ^ rj'^ 

.wO/llwll <». UtiVi iS (Jj (Jj^aVl (J. A <2 Luia 3! 


cJ^j-uaVI J-ixla 4JL^ 


j L_^ijj^aVi jn*Ml (Jl jJ IAia )> ulj) \\ cilliA 

J ^ <UjudLoiLa]| 4 K Qj£j !U.3’ U <^' dilj (j£LuL<ajl C-l (_5 ^| a!£ju!a]| (j^ijqVn (JlLdjj jVl • 

.w i j\ ‘%js\kS\ : \A (j-Q W I Jallill (J^ (j<o^Vn 

> <al n^V 1 ^ jj (JSL3 ^.1 j t c (c-1) /2 jj-o* A^jIjII • 

^c. C. qjU^-iMl Lg-iS (JjfLi (j^ ^ja (j£ 




:45 fSj 

g.(x) = w;x + w, 0 / = 1,...,C 

;4_JU3l detail c t u>^ c qju^iMl ^jj ;i ou^.JI 

x £= co i if g l (x)> g Xx) for all i*j 


^JC. c <ajn^i\l (jti ^jjJ/aMl 4-C. 4_lLa> ^ 

gi (x) (j^lat-lxa Q ^gJI s-L-iaS ^jua^j 4 j)n\]l 4_lVl .4 4_lVl c Vn^oxtll 

^_lij SaJl jli (jiaxJl ^ X^ix A (jj^kUxi Rj J Ri lij .Ri 4 q?Vi x a' j X u'-^ UJ^ 

;4_i]l!i]| 4Juj^allj l_a^)C.^]| j Hij (_£ (j -a 

8i (x) = g / (x), or (■ w ; - w y . y x + (w ;0 - w. 0 ) = 0. 

Hij t^] x t> AiL«JI uj^j .Hij J! ,yjj^ yr* (Wi-Wj ) <j' ^ 

;4_JU3l 4 aj^'b 

(g i (x)-g j (x))/\\w i -w j II 

cA^kULa 4 l’q JlLaJI SliaJI ')a\\ (_)5a b^joilLfl & ih^a <Jl£juj| l^J j ^Jalla]| jrljjl <> c (c-1) /2 

• C (c-1) /2 L>? 1 . 'te -l (_$ jljsll ^ j$2aJ ^jIuiaII jaLuiV 3i*JI 




uijj-ual 3 ^ 5 i jt .46 ^ j ^- uj . 


^Uu^la]| Ajk^l jjjaiti Jl jJ 

;AJU1 <xii -sail L-Lol^ l - £&. J ^jl (jfl^J g (x ) Ajkklt jjjxn" ^b 

d 

g(x) = w 0 +Y J w i x i 

i = 1 

JlLaJ ^gic. Jj^aLj ;x lbj£*a (j-a jrljjl CljLaajji (jAjJaJJ <^11 A-ifll >>>V I Jajjj^JI (j* d (d + 1 ) /2 ^ibiaL 

j'ilMl 4_^,^}]| (jx* 

^(x> = w G + 22 vv ' jc > + 22 22 ™ij x i x j - 

/=1 / = 1 7=1 


AiLjaJj G£-Aj^]Ij # J j,^aJl ^Jajuj jl A jlMl 4-^)^l (j-<4 g ^x) — 0 J^ (j-a <»— fljc.^11 ^UuVltl^ JjLadl ^Jojuj (j] 

J J^ajl aAAxldl Jl jjl j,laJl fiAAxldl j-iixull Jl i Vu^i ^gic. J^Vi (jl I Wijk Xi Xj Xk J^ -b Jj2j 

<JaaJl <aaxa]I jvuMl <Ub jjli A-ilc. # g (x) ^ jbl /ic» VI (jl asuj 4_LudLui djlxjud jj jm*) (jl (j£Jb 


c'utij <^jU 3I j.iL<uII <Ub # x 2 <jjou31j 
(££*lxjl ji X J ^aill ^ JaUill aiajj ^ 


EfVijW 


X - ( X ) J 6 ji J*jl jjj g-A a 

<Lu*_Jl Cjb y ■ (x) Jl J^l .y J <J.jqu3lj ^ lAi£3 6X -! 

d ^^stjl ji y J jJaill ^ Jataill ^Jl d 


1 JliU 

g(x) = CL^ + ^2*^ + ^3*^ 2 ;4-iMl (jj^ ^H^ll 4^jJt * J£}^l 3Jb j)l (jiajiiiil 
y = (1 ^ ;4-iMl Aju^alb <^ia£S jI^jVI ^VIjII y j-dl (jl 




.47 fSj 


.2 

H <_£jluid! yjA ^jia^Lall <j2c- (j£l t() U^ 4 LS*) J^-aU p(y ) (jli d > d , U-iic. 

(ji^j lij AjLj j^ j A lie, j ,_/?2 7? 1 ^gj^Jaxo ^gil y g.1 . laflll * ■ ■■' Q j a y 0 ;4_i]lj]| AjLll^IL ‘ 

•4_i]lii]| Jla.lj aJjL*-a]I (jli dljjl 

g(x) = -l + x + 2x 2 


a! = (— 1 1 2) 


then 


xb ihxi ^C. X ^_gAj>^aVl c-U-iaall (J^laU-a 

[g(x)>0 if x < — 1 or x>0.5 :R { 

[g(x)<0 if x > — 1 or x<0.5 :R 2 

# y g.1 jJafl31 ^ Lmj 


^ (x) = Wq + > , VV--SC. 


;2LMI *lA*Jb 2QU11 0 iA 

cl 

= ^ W-JC- 
/=i z=o .xO=l^^ 

^jhT A 'sx>, > u\l dll jj-a (Jl A^.JJ& ^ ^ "^1 * ** ~^d ] I^y 

ujj^l a = [Wq Wj ... vv ; J = [ vv () w] j ((d +1) jP y J! d ji x ^^3 
a r y =<4 J^>*j H jljlJI ^ jiL^ # g(x) — <i r y qj£j ^Uj-x-xJI ^jla # s^- j^Jl ^^3^31 

^ l/ll^ll 3. y / II 3. II 4 j]^a x> J{ J y 4 3aaj (j-a AiLou^l # y c-U-iaa3l (Jj^aVl (Jjtk 

[w 0,w] ^ K jli 4_ilc. j # H (J) x u-? 5iLuLfiJI ^ JSI AiLaixJI <jli^ ^ ^ ^ ^ ^ ) ’ <jV 

.a 5^>*3I *^1 J] jjxIj 


J^VI O^axJl j W 1 j ^1 J 


bi— y„l 


CjI m 31 (j-Q <c« ^jlj 


(3^ c. Vn^->j (_^i3l 4_^.j^JI (jjj (jc- # a (jl l_jj^)^!13I 1 * \\ ijc (J.A»j.>,(ij # \y 2 

yi .<3^ lS^J ^juo5j ^jl (j^J CjllixJl jla jj3l 11 a JlLd I U£^dJ |j] kS-l (j£judJ CjLllxJl 

;^JUll (3^j lil l^j| 


a'y ( > 0 and y ; is labeled a> x 


AjUj^all (JiLa Q (jc. i ~Y A k^nA\ l " \\ \\m \1 (JIAiLuj U t_L<a3 lij 

(_j^judJ Laj^aC- jl ^^juaLoll^ A^k^ajl ^C.*l 2 A_^^ajl IjlA (JlLa (j_)j llx ]| (_)£J ^ ¥ i ^ ^ A_l]t!i]| 

A^^aj (J^u^. a\\ is^ «Aj 3 £jJoj Ajjc. (Jfa A^,^a 

A^.ja A_^.jau! 1 y. i^ic* QjfLjjud (Ja <_£ jJjuaa]| L_fl^)CLj <|^y . = 0 

AjaJaio ^£jLuiJ Cjlc.|^i]l t ^f^aJ ! <ja n .(_£ jl^aui JaI l - libaJl ^Ic. <jjAJ <J» 4 r^j ^^)2l jlLa <jl£ 

."ciiJl A^.ja m ^jjjsu (Jkll A.^L-Lq Aj^ja (^1 .ci 5 fc]l 








^Jj L_J^)SV1 (J^jl A_^.ja ^ ^j L — jldUaJA ^jl 1 Vl^xijq # j ^jAi] _j^3 ( ^)3 jJa <jl£ (J^Jl A_a . ja 

^ j£j <il]i Ja*J >/i (J£ju1j jUl^yi CjUjc. c. qju^Vil (Jc. ^cjUII (JaJI) Aiial<Jl c. <a^Vix> 

: aJU 3 I 

t A jx>3aC.l (Ju^aall (_£ jlLaixa j CjI m \\ JJ Llllll AiLoixa]! (J* ~^J (J A_^.ja (j^ c>> ^Z 1 • 

^ ^ i ~ ^ ~ ^ Ja^jjudll J J i^all A_^.ja (jC- n • 


b/llyill lS^ Aalala (j^lflJJ 
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AiLLadl 4 a£L2 


Jx^ji jIaaJ) I j^j 


]4_ill!ill (JaaII A HxlLoll dibl^^Vl 

^CjllixJI (3^3 & y i > O ^ (3^]| jj* jA (X (jlS 13] LuS jspaik^Jl J {(l) jUx^JI 4_Ibe^jr£j • 

.(X (1 ) gallic.] ajUk^Jl jj^JI CjIa^-j^ (_paxj £-A • 

^ j (^(1)) ]4_lll!ill 4 » n^\l J ^ jax ^ (Jj-all A^^>4 L- Utl^j • 

^ic- ^ *1* 3L^Jl ol^MJ a (1 ) (j -0 AiboL^jl (JiUJ AJjuu£^< 4 ^A (X ^2 ) 4_xi^lall 4 ^ iq\I j] • 

;4_ilUll ^^1*^31 ol( k).uf 4 1 1 ‘ ^ 1 a(k+l) j-ac. • 

a(k + 1) = a(£) - r/(k)S7 J (a(k )) , (1) 

.£1*5)1 Ajjuoj jA T|(k) bj qa. 

Jx^j) is jjA Aj-gjjI 


begin initialize a m threshold 6,k= 0 

& k*-k+\ 

a <— a-r/(k)VJ(a) 
until l77(fc)W(a)l<6> 

return a 

end 


; JU1I lya jjgj ri(k) <2*^' b*j 

7(a) * 7(a(Jfc» + V7 r (a - a(k)) + 1 (a - a(ifc))' H(a - a(Jfc» (2) 
a1jI*-a 1I “I - 1) (Jbybiji # &(k) 4 _xuLa]| Hessian ^a H — 3 J / 3&-3cij c :> 

;A_ilb]| ^ic. (2 ) a 1 jI*-a 11 

7«t + 1 )).7«t))-^),IVye + I^V7'HV7 

; c _jiUll ^^Jc. (J j. j Uila 7(^) i_i (jln-lj Loj3 jL^JI J) (jlaioiVI SljlLbLj 


7(*) = 


IIV7II 2 
V7'HV7 ' 





(2) 2)^ r. h. s. 3^-^! (jta SjLuj^IIj ;(2) UiJI <Laj£3l ^ 4 *^; a (k +1) 

;4_ilUll 4_ht*^JI ^gJc. Jx^j j a (j^-^- 5 a (k +1 ) cJ\"^ as- 5 3^*-^ 


a(& + 1) = a(&) - H _1 V7 . 


begin initialize 


a, threshold 6 


do 

until 


return 


end 


a<— a-H _1 V7(a) 
I H _1 V/(a) l< 0 


Ld^jc- 4 (Jj 3 Ja^iA .AxJj (J£j ^aJaC-l ^jjjui^J ^Jaxj (jj 

.0(d3) -j k-jLa^ll IjSj si ji* H , Hessian 

tilljjVI jU*-a Aib JjISj 

•4_i]tj]| AjUj^alU (JlaJJ 3l^pVl 

J ,, ( a ) = > C— <a r 3p 

3-eK 

4-C. jxt'sxi ^A Y (a) (jli 4 <ajujL <4 dllliC. 3 Ua 2)^ .(X (J^ (j-a 4 -xu.h1a]| CllljjtfcJI 4-C. ^A Y {a) 

lj] iasa ^)L^a j 4 ^ jUu i**u*n\ Jp(o()j Yi eiijl£ !3] ci < 0 Qj£j a*j . ^ p — ^ * j 6 

^Jj <LajaiLd! djlli£^jl £jA djULalJl 4jjudLlL<4 ^A Jp((X) 4^ JoiAlA (J^ 43 ^ a <•— ljl£ 

.j'j* 5 ' 

; 4 _ilU 3 ! pj^aj c^n^tC ill S^c>lS ^J= (~y) 4» u^ll Jj^a jjll Asu 

y& 

a(k + 1 ) = a(k ) + 77 (/:) ^ y , 

yGY k 

o,{k^) _j ^jaiLdl Kz. ^a 4 jl <2 


begin initialize 
do 


{ b 5 *u^I tilljJVI 4 &jAy* 


a, 77 (D), criterion 0,k = 0 


& ^ — k + 1 


a^a + 


>7(*)£ 


3^v 


until I ; /W Y-*; y\<6 

return a 


end 
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SjLJJI AjjIj S^j4-uCjJ u ■ " till ijJVI 


begin initialize 
do 


a, ^ = 0 

<— (fc + 1) mod ft 

if y* is misclassified by a then a <— a + y ‘ 


until all patterns properly classified 
return a 

end 




C-JJ^pyjl 1 ~~ ^ \l <~ - JH. !^)^l ^ ' 1af 4JJ tUn^ t a M L & i \ s, Vir. Uaa l _^al ^ 1 u^JI cill^pyl 4_i^> j j| Jjlxj • 

y g ^ eojoiLd l 

. (ji (j^j ^ ^ ^ JLs* 4 q ' l 4 V; i • 
jl-jLallj) w jL*-a ^jJc. JaSa Jj jloi lisj ^U;V-j JS^uJ 

.(w 0 

# l_13jJj 1I Jallil A <c. (j) • 



flAjVI dlf I J 2 b) 

^A A_ 2 kj >4 jA ft (jjfb Lade bl^l A XL12W -idLi (_£^)dVl Alb 

^( a )=Z( a 'y) 2 ’ 

yeF 

IgJca Ju <^A Jp J AjjouHj Jq bl^ u) .3 <AJudLJI L_JjjdJ I t**tl Ac. ^gic. 3^} £]l j La Y(cl) L - 5 ^ 

a d l~s Jill (JjJa3l ^Jajoi Jq Jp 3^ LoIlj c^dLoua 

* £_£^Lo 1 a 1 I 

^gic. A-iaaj ^ j^j\ L " ^ aJjuiLuj jl (J^JI A alala ■ W L_J^)3 ^jjaLoj Jq • 

.a =0 dl 

# (J ^iaVl A m 'I dllg_^.j-aJ 1 jb- jJacd (jl ^j£jaJ Jq *bd • 


jm)^Y}^~ V) 


2— ii y i 


(JaxJ (J^ LuI aII 6 ^A (J^j 
;AJU1I jLa^JI Alb • 


^ y — ^ ;^JU]| JajJuJl dllilaJl Ac J c. Y(a) 3^ Lj Li 

. j r = OL Ujli 4 jli Y(a) lij 

. 5^11 <^jLi I^jI (jjSj <j] /r 
jil a 'y >b j£ |jj ^ lit y r =0 
;AJU 3 I Ajuj^alU ^ uu^j Jx 3 ;!* (jj 


V 4 =Z 


a 'y- fc v 

|2 J 


ys y ily 

;A_i]\j]| A xJj^all 3 bi*JjujU (jdatgJl Ac j^^ll ^JL^al -leljill C! 


a(l) 


arbitrary 


a (k + 1) = a(£) + rj(k)Y, ^—7/ y 


yeF 


*kU iYlll (Jjts jj£ ii 2 jluj 


3£ju1j t u'qMl 4_Lla Clil nar 11 Qj£j Lade (^nnVill^ 3*^3 A_^.j^a ^1~^V (jj^ 3 dibl^^jj ^ n^ll bll^pVI 

SjjjjJalU V l^g£ 6 L_lljdll d ll m 1 3 ^^ A^.j-a ^ jJ L 5 ^ • 3 adll kst>") dlb j j^ilsu c^ll*^ t ^gJad 

jtdkVl j c_jjj^jl dildLij ^gic. etaVt (jl (jUidal t A Vquu^ll jblkVl <Jc. Id^. bl ^ 0iU51 ^ajadoll ^jl 

Ad Iaj Sjc^Jl l_ijj^]I c’* il nc. tJa^Jl jjuJ # L_iijd3l c’* il nc. ^ 3bixlajl c > i-nj (jj\u>i 

3 £jdj Ajjc. 3 s c Vn^->j ^jl U JJ ^ J . 3 ^^ 3 ^J 3^11 ALIS C^uujl (jj^J d^Ulb A_ili£ 3 l 

dlbl^^jj dll *sj^k k^illl ^jl ^Jl liA < Q\) k a’qMl 4 _Lla ^JC.^ Aijjk^aLd ^JJC. Ac 

^Aijjk^aLd ^jjc Ac jx>^k^Jl ddl^ bj L_fl2j3l Idl 1 aq V ^ld^)Vl 

Aij) k^*>^<oll 3^1 Ju ^AiJ A un ilb 3 j? A x> ebt 3^^ 1 (_jl 1 Ajb Tj(^k^) — ^ 0 3S k — ^ 00 3 n^kU 1-1 d bl 
4 a$a ^)L ^]1 q(k) Ajjudll 3 .Aijk^q^ll 3 £l-d 4 ] 3^1111 a^. j -^11 ^L^jV a_i 11 £^V 1 ^ 

:c 5 M1 tjnA l_j 1 jliaVl Ac jjuj J 

# A_Sjj^aL<i JJC. Ac jx> 7 kX>ll 3*-?^ c<> ^ c^] A^juuBj A ml lu^k Un 0 jld 3 l ;1^. ^jlnj • 



.‘‘LiltU! (j-d JaU (jljVI Jja ^3 (jjjll 4 _^. ja <jl£ ;ld^ £-jjja • 

TJ.{k^) — /^(l) / & ^b'N. i ^j| ^j£aJ > (jjuo^JJ 5 -bVi buiJ $«bVi bib T|(lc) (J* 7 ^ ^ (3 biSLaJS 

Od£P^ Uakll £jja Cj|f I jaJ 

^ic- Ai^JI ^Jajoj^ll bA jLuiaII £.bV (Jj^a^jl 4 _^ja is^ bljtkAVb ^j^VI Ua^J! £J^)A (2? is ^ x 1 

cULLud ^bajud^A]) djbj^JI djbl^)^]j ^gjaiaJl dl^)bVl .bl^J^aSAll bl^-a&All (_]£Lu1a]| bi£ 

J*-^. (JjW^tiq t UaiJI 3 J^! is* u^ . 2 l y > 0 CjI v^aII 3^ (3-^4^ a (jjj<3 4 ^.ja b^j 

;^j3jbl Ai jb^>A JaxI^j <jaj bA dlli£ ^ bt ^VJ ^L^jJ dub ^A bi Cl La. ** Y z 4 


F F • F 

^10 *11 *ld 

F F • F 

1 20 1 21 *2d 


^0 r,i ■■■ 


Ya = b 


;4_ilb]| 4 (3-<uCLuU Ujli d^)SA ^)JC« Y (j^ b] 

a = Y‘b 

L_fl jb^-»\l (jjfb Sclc. baj^^iAll oCA 4j| ^g-lat aj 44ju^)a bijiu-aA d^jJjb Y baj^^All tJaaJl £ jjaI 

t Jajn>>xi (3k d^.jjV (jkl j 6 V Wj ^ 4 _^. jaII (jli t((3 (JA d)V^b-A dlbA (jjfb bade. /gAacYI ^Cc. (Ja 

.0 Ua^jl 4 _^.ja bib (3^b (_£Cll 3. u3^^ 4 -^.ja CP" Cb^/l (j' 1 j^AjS 

<? = Ya-b 

Aju^aII Uadll ^)b*_A ^ i 3 a j ^ja^a 3 ^^ tUakll 4 _^.ja 1 £J^)a 1 I 3 >bll 33 ^ 


7 i (a)=IIYa-bll 2 =X(a ? y i .-^) 2 

z=l 

V/, = |>(a'y ( . -b.) y. = 2Y'(Ya-b) 


; JU1I ^5^ 2 ‘ c l JacA ^ 

YYa = Yb 

(JLaaLLiiJj ^ 2 ^jl 1 iiS tlil t»_jlc.| ^3 o d^)La tAju^o A 3 ^i*-a-a Y ? Y ^ 

: aJU3I 

a = (Y'YYY'b 


a = Yb 


Y + = (Y r Y ) _1 Y r 


. Y ^‘4 



Y + Y = I, but generally YY + ^1 


1 La y&£* t, Y^ 

V ^lin^Y'Y + ^I) 1 V / 

^ 

^ ^Jl <Jjou11j 1 la^Jl jA 3 - Y b ^jlj LojIj 6 ^l_a>j| .laJJ oljl^l (jfLa-a]| 

.4 qVi^ll (Jkll CjI jj-a ^ I^jm I 3 J A qVi^ll CjI jLii^VI 

Jlld 

(2, 3)'j (3,1)' :w 2 j (2,0 )'j ‘ (l,2) f :w 1 :a^ ai Wil 4-ut&l iliill £54] gjl <> j%] 


f 1 A 


\ X 2J 


= 0 



Y = 


^ 1 12^ 

1 2 0 
-1-3-1 
-1-2-3 


.51 j 

;A_i]l!i]| ^A Y Aijax^a^]! 


Y + =(Y'Y)- 1 Y' = 


f 5/4 13/12 3/4 7/12 a 
- 1/2 - 1/6 - 1/2 - 1/6 
0 -1/3 0 -1/3 


^A A. juj j£jca]| 


;_1 AjjLabd Qj£j ^11 (jl ^JaUjc-l (J^ xuj U^lkl 111 

b=cuuy 


4 _llc.j 


a = Y + b = (11/3, —4 / 3, —2 / 3) r 


AjfctaJl 

dll j ClAiiaJl ^j^Vl UaiJI (j^ 4 b 4_^.j^lj J 

: ^U3l£ CJ&i J\ Y (jta .D2 of n 2 j D1 o* nl x i’***’ x n d 


Y = 


li X, 

- 1 2 -x 2 


( 1 ) 


bj a .wi WijjL^a ^j ]| j d * ni ^juI Cjli Aijix^a^ Xij *ni 2 li <j! ^ 

• JU 1 I C 5 lc- 

(2) 

b = I 


a = 


^0 

w 


-ll 


- 1 , 


Y r Ya = Yb 


" 1 ; 

-i' 1 
x 2 

~ 1, 

X, " 



" 1 ; 

-i' 1 

l 2 

x; 

" X 2_ 

_-l 2 

X 2 _ 

w 


_x; 

-x;J 

L 








n 

n i 

n 

n~ 


•<JU 3 l 4 Ju 


m 


- 1 E 

n, xeD, 


x i = 1, 2 


s w =XX( x-m .-)( x-m ^ 


(3) 

(4) : JU3I jVI 

(5) 

^ x> 4 m 11 Jajoa jlLa jU 

( 6 ) 

J 

(7) 


/=1 xgD, 


n (n 1 m 1 +/i 2 m 2 y 

w o 


0 

(/ijiiij + n 2 m 2 ) S w + njiiijinl + /i 2 m 2 m 2 

w 


/(('ll!. Ill, ) 


w 0 =-m w 


1 ^ 1% / \ / \t 

-S w +^-(m, -mjXmj -m 2 ) 

n n 


: JU3I C. (4) Cjla jaj^axJI Oik-Lja^J 

( 8 ) 

^~^) ;li^jc. (JjV^ 

( 10 ) (j*J 


VV = 111 , 111 , 


U&qa li&kj cW4^a<>V m i -m 2? u5j ^ ja (m 1 - 1112 X 111 , -m 2 ) f w jSl 


»l »2 

/I 2 


(m, - m 2 )(m, - m 2 )' w = (1 - < 2 X 111 , m 2 ) 


( 11 ) 



.lilli Ijc. 1^3 <^2 


Initialize 

do 

until 

return 

end 


.a 

w = cmS” 1 (m 1 -m 2 ) ( 12 ) :^ a * :i ( 10 )P 

33 ^Jj if W (X ■ m) > 0 © 3 C.lii Jj ^£ 3 ]l j 


Widrow-HOFF *L*! 

Ja^iA (jlaj ^j\ 

:^l JU 

# 6 ^^)L<a ^ ^ LdAjc. laj (_]£Laua]| ^UjT) • 

C-ali (J-axll 4 -^LaJI • 

• (j J)^ * *1 ^JaJjo^jl CjjAsdll V */ s — 2 Y (Y<l Z?) d 1 

r a(l) iubb^i 

|a(fc + 1) - a (fc) + rjQc) Y* (Ya - 6) 

(JjudiuLLa Jldj Clil iiat \\ li] 


a(l) o^LocI 

a.(Jc + 1 ) = aC *0 + *?(.^(b k - y*)y* 


(JaVl ^j-lt) LMS j Widrow Hoff *\j>\ 


a,b, 0 , rj(-),k = 0 
k <— k + 1 mod n 
a<^a + rj(k)(b k -a l y k )y k 

\ Tj(k)(b k - a‘y k )y k I <0 
a 


(SVM) ^ jJUaj- J g>a]l 4 Ji 




xelcR" iJiAdl tl^aa 
.3132 J^U ye R, , -, y u ^ n yeF = {-l,l}, 

h&H :k±^ja\\ 
-S’ = {(-^,yi),...,(-^«, y 7 ,),---} :muJSJ' **>•?-• 
R(a) M ^ 

(x,z) 




0 ^ 


4 jla - “^ 1 * 5)1 aJI ” 

tAJWi a^gj 3 cjLol^. - M jijikyi” 

.AjtgJ 2)lll ^Jl ^jljujJ j)\ VI Ac-jaxq ^.'v Labile. Uaq^jl Ajjuoj # ^ ')* xnj^ <aax-q]| Aij^jl - M pl^Vl M 

Aoj 14 ]I AJ j*A\ - Aj-4jjI 

f (jc) — (w, Xj + b ^LaAt- uui ]^ (J^IaII s-L-ia^j x nVl\l 


/z(jc) = sign(/X-xO) 



jiw aSIj jj (jl Wj I jjb I^a ,_K . n j _1 . ^>qU 4_Lli ( ^ aI^IaII JaLojVl Cjj& (jtj Aaa^^I_^JI ^ 

.AlaJI oi& <jL j t j a ‘ ^al] AjjLola ^__1J J^jjl lixk A-oj3 l^J 


((^uiUuVI ^_j-uiaJ| till JJVI Aj^jjljii 

initialize w,<- 0 ,l) 0 <- 0 ,^ 0 ,//eR + ,/?f- max,. II x. II 

repeat 

error <- false 
for i=l..l 

if >’,((w / .,x ; ) + ^ /; ) <0 then 


w* +1 <-w ,+rjy^ 


h+i ^K + vy>R 2 

k <— k + 1 
error true 

end if 

end for 

until (erroi - =false) 
return k,(wk,/?k) 

- i kkVi jA k * - y** 

(J t " j\ ]aa * 

t ttl 'V V I A^.^a ^11 ^ ■ ■■ ( fljj, ^ ^JlLal ji (, Lix aa ^JlLal A^ljJal j i J _lo 

A i]a^ A J n jA ^l^jll J)^il A^^a ^jl_3 I jll ,(S^ ' *"* C)J^^ ^4_Lo^-<yiJI o^)l ' ua ^ j]l 

i n—jjjjaji iaty 

w = X<Wi’ 


^Ij X,. dsl^a ^Jl ^n>ii j 4jjWjj ^j3 ^A CC- tyi A j3^* a X^(J-dl*-ojl S^Luj] <jl Lajj 

# ^ Ja-dill (jj-ajJaj 6 j3 ^C..1j 6 C* % Vt 

(w ,b) ^11 (JjixitgJ! # 1^. I ^_Xi I <\A ^IAaII (jl ^)JjaLl <*— lUL^jl ^JjlxilA 

;AjUll Aku^\ u ^^Jaxj (x /9 y.) G R^ x{— 1 , 1 } ial^jbu 

Yi = X-C(w,x.)+Z?) 

<Lg!)Ix]| ^iijjj k Vn^o^ll jla |^jL^jI (jt£ I j] La! c^JaL^. ^f\ ^ ) c. Vu^j Ja^ill jla jLu ^qjLi ^1! (jUxal^J! (jt£ 1 j] 
(jji-algJl 6 J ^3 ^ JS! <a^ ^gJaau *>La . j^aaI! xi -! V! Ljajij 1 r t 1 j Juju 


.jljill 4_la^} AiLoiAll (jjjJSJ 



X 


X 
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.S={(xi,yi)} jl*-*!' <c- j^aJ (w ,b) -i yr^ u" 1 ^' / = min ( . y i ‘' 

11a ^3*q*\J (_£ jJjuiaII lIjUjILuiaII ^gic- ^oJaC-VI (jjixitgJ! j& 3 4-Uj«^L)l <C-JA2^ (jjixitA (jj 

.^Ac-VI i^^Iuxa ^A j ^gic-Vl * 1^11 



(j jluua .54 fSj 


Novikoff 

;Aj^)Iai]| 

CjULnll <c. cs^ (J-^-g-^ O' (J-^ ^ (Jjl^jl ^mpjl j W , II W II 1 j^jj cilLlA ^jLj 

:j^ 6 Y JSVl j*j S 

X-((w*,x ; ) + b*)>^, i = l,...,l, 

^A ^jud^Jl ^uh'ill jli A-ilc. 


* 

f 


' 2 *Y 

/ > ! 


7? = max II x II. 

\<i<l 1 


: cjUa^U]| 

(J£ju 1 j ^uu’qMI^ Jx^lS 4-Lla djL<4^1*_^jl <c. ja~\a <jl Ja^ijj <jl£ 1 x> gjL Novikoff cJ 

djl JaJjJalL # dj| J (jtajj^all (Jj^aSJ (Jq^jl ,‘Wjm (jli 


Clljlj ■ wl! j] .£J^)a1! ^IaI^J! £A (JjJ^Acgj! L_Lujljjj ^jOaI^JI ^io AaAAj ^(JdXjulll! CllSjj^ l‘* ' vK'ill 

V AjjoC ^jl Ia£ .(jj* j jjAll!) JaUijVl 

^jLnJl JAA3! 

:g Jlill£ 3 c£4 j! j51! <lh <^Lfill JAA! <1U ^ 

/?(x) = sgn((w • x) + b) = sgn^JJ « y .y y x y • x^ + 6) 

/ 

= sgn(X« J ^(x y -x) + Z7) 

7=1 * , o * „ * 

l^JjtA ilxJ (jl <j£aJ L-D ^ ^ fiCC-Uj LCajjj 

/ 

if y. (^ a j y. (xj ■ x,. ) + £) < 0 then a,. <^a i +rj, 

7=1 

A a Aj 4j!A! 4_^^a ( xa ^lc« jA Aaaj L (^j^IiuiaII Jais ^t*J! ^jAlll! ^Ic- ^7 ^A*A! Ajjaj 

Tj = 1. £jJaj (jl l lA AJ !il 4 jA^j! 

A Aa j-a AJV ^3 j^l Au/alAti ;Aj^ I jJjVI 

;A_ijUj <J1£A! ejiA^l! AjJaqJI ^1*531 aJI Jjiu Ia jjAj ^1 j ^c-A 4_a. JA CjVV J ijVI 6 jjaII AA^IjJjVl 

/ 

/ (x) = (■ w • x) + b = Y, a j y j (x y . • x) + b 

\ l ? =1 

G = ((x. • X • j j abj^^a!! <j] fL-u^pjl! Aja^Aj! ^ ij <11 ^ ^ 9 ) A loVill Cl il VnA (Ja!c AA CjULA! jAii 

. vGram 

AjJa^Jl Cjl.iwaA.ll jjwaS 

:g JUll ^A JAAl! ^ Au /i V (LLM) jA^! ^fcull cjV! 

^AkV i5 Cn Aj C jUI^I • 

( jiajJa S^IAL 4 _^}jaa 1!^ 4 j<\ v^ll CjUIA! • 

Aa3 (C ll g > ja!!^ AjC^lx-judll CjUUill ^a Woa (JaIxjj Ac-LwAI cCA • 

CjUa jj! ja. .C^jJI A-nx^ag^Jl CliK n'^jl - AjlnAll AAslII (Jl j ^3 SCAsCIaII djUfLall ;4jn^>qjl CliK n'^jl 

.^il4j! jIAdV! -fjkai 

# ^Sl S-4]^ JA^j ;^c.a1I 4_^.ja Ail (J^ 
4 Aaia Cj^LwaSJ AU^ ^ja c^UVi ^alsCllI CjUa^^)I ^A j^jaill ^Uq]I LLjaS aIAoia Aj^lalll LLjaS 

.All! £\AkS* \ ^gjj SjLudA jACi j £\ J 4^1.1 Will 

AIjjA! f Luai ^ ^1*4)1 

c j£aj ^k! ^gjscAjj^ x — >• (p(x) A-Ak cJACj (j^l jj^aA ^l! Au^. 4 a! jj^J! ^Lcaa CjIiLA! ^JaLuC^ AjA 

jjjajI! JjVc) a! jja ^gj! djlAA! (j^<Vn 4 _i1a*J! (jU ;^11 j 1! J j3 



7 




f(m l ,m 2 ,r) = G 


m l m 2 


(JHaII .ikU ^.y-^ 
;aJU 3 I c V^'l 


. (jj ^ A-ibl^ll £.UaflJj 

<j£3 tLllULnll (jlaJ (jl £_2aluiJ V AjJo\]' aJVI .T J HI 1, III 2 7^ AJa^^^Lallj ojJ^aJl CjLl^I 

; JAajll (j-a (jl c j£aJ CjUjI^VI ^aUaj jAisUJ 

(m l ,m 2 ,r) — >( x , j,z) = (lnm 1 ,lnm 2 ,lnr) 


g(x, y,z) =ln/(m 1 ,m 2 ,r) ^lnG + ln/i^ +lnm 2 -21nr = c + x+y-2z 

L— L^'v'utl g.1 jJa3 ^jujU X S-bJaall (jl # dj| ^)Liikb L_fl^)C(_£ A-aJ^Lg 7^*^ <jl 

y A^J^ 3 (jC- c. :> n (J^ xuj .dll S-bdaS ^C-da F — {^?(x) !XEX} 1 a nj c(A-aALula1I^ 

^AjAxjII (j>ijqV^ Aj^)j^jJa CjLa 7*-^ ba <7^^ L 7 s 7* 4-LaJ^ajl <C. jA'S^jl 

x = (Xj , . . ., x n ) <p(x) = (<p i (x),...,<p d (x )), d < n 

CjIjj- 4]| f UaS ^4 J£Lui^J| 

AjAAxIiI (_£ jbuiA cilliA 4 o.Vq* 4 <. Vil bi j ^)l^Jaj A K Aa (J^- 3 A_i]btJl AjAxj]| Alb djlTf-^ AlbbJaS (JA^I 

;dlb (Jbi^ j AjAxjII 

bS j ijUvij j .Vq* 4 Ida. d i\ $ ^ j-<JI ^a JasJI <j! d A^bu^l a K d&)l d!U& • 

^A^* 7 AjjtL ^g.A.ulJ Ia^ ^JA*q]I Aj7^ AJ£ju1a Ljajl J • 


CjIjxJI f Luail ^ i4<^l frnhVill 

;UA A_Aj!>Lg (J lg_j| l* n^k 6L_lill Aj^)]ai3 £^.^)ial AjI^ 

# jlsuVl (j-S dad*-ll £A (Jdxll A Jjl KtA^W A_1£ju1a]| (J^, • 

A f\\ g l>Ul ^IsuVl (JbiXJjujV ^4 (J* J • 

^bja^l / dia 7^ ;L_Lujllill ^ c- J^2dj o 


A x «ajj A_AaC. AiL^Ja tgJl • 

44)) f tuaS 

(Jj^Ijuj oji'iy a\\ dLjjJaj4)l 4£>ja-\a (jli ttillll > AjJa^.V djI^Ld Ajja^V dUi^/lc. ^lau (jLaJ djL<ui*-di] Ixjj 


f(x) = Y,w,<P,(x) + b 


i^Ull ^jill (j^ Jlj^ 


^djI^lAll $.Lja3 ^Jl A^aLoia]| £.Lja3 ^ja ^Ja^V (J.V ^A ^P • ^ ^ ^ ^jl d li^. 

A laklll dL^jixa (_ikb iaSS ^Jaj IgJl dUUJl jdJ c^USlI (Jjldli ^ 

l 

f{x) = Y J oc i y i ((pix^cpixjj+b 

i = 1 

dli (jdJ A-laiill £^.JJ I^jL ^Gui La£j .4-^ Aj^laj A-uiBUaI J J3U 

K(x l ,x 2 ) = {<p(x l ),<p(x 2 )} 

m P A_]aJ^pJl V di tdl La£ 6 Cl^jaul p ^.Ljaall Aj.Axj (jli * L-illl Aj^)Jaj (jUixlLual dc- 

^3 A_3a^JI ^alxlill A_ill A_J^)laj liA ^jl \-a^ . ( *t 4J^ A_l|j IAjIj (Jdl^-^JI I^ja Ajli AJWI ^UaC-d 

:c5 Hj 1I i - 1 a ^ L_jIj 1V4 AJa^jJI dLdid (J 1 JLlLoj jj j L5 jl±i]| (JjiLdll ^3 Ia2Aj£ odcJj AJaLuUJ dll^j £.Lja3 

x l ,x 2 )<-K(x l ,x 2 ) = {(p(x l \(p(x 2 )) 

(cGram Ai dilll Ai jq^d 


K(l,l) 

K(U) 

K(l,3) 


K(l,m) 

K(2,l) 

K(2,2) 

K(2,3) 


K(2,m) 











K(m,l) 

K(m,2) 

K(m,3) 


K(m,m) 


•^UlU uJll Ai jix^xQ 
clJli gpl£-a g-i ^ j£^>a 3I L_u£jii3l jfisu 
Ajjjjdall dLajl*_A3l (3^ ^Jc. jld ; t A -si ~yj c 3^ ? dLajl*.* 
cLiili j dULJ! J ja. dUijlx^JI ^gJc. ^ jiiaJ 
6_Jj1a 1I d)L£ldl I^JA 3j2lxJl C^VWl 




Mercer 




(jl (j£JLa <LljL<aIL<a ‘kkj.kj^axi (_$\ ^jlj cj^H j .<lijL<aIL<a j <LijL^jj t S^j^xa l-jlIII A^jq>^>x> ^J\ 

3Jh (<- L^aj) (3^ (jb Aj^)Iaj JUSJ 4 *' .La ^Lja3 ^JL^b ^bixa 4ijjL-sa-<a tgjl Cilia. 4L_i] <3 jjL-s xo ^lixli 

;^illill AjLifaJ ^ajuiJ IL& jla ^7 cilliA ^JaJ bl ;^aJ ^ \* a\j ;l_i] 4_ijLajj Scfij^a <UjLCLa 


K(x l ,x 2 ) = {<p(x 1 ),<p(x 2 )) 

J K(x, z ) /(x) f(z)dxdz >0, V/ e L 2 




K(x,z) = ({x,z} + l) d 

K(x,z) = e-" x - d ' 2/2rj2 
K(x, z) = tanh((x, z) - 6) 


ljUJVI Aildj 

•C^UlbU AU u a} \ \ Al laVl 

(^ ^jCaJl ibCxlLa 4_bt*^<a 

Gaussian 

(j iiiLial AjjliLxll 4 j u \\ 4blx-<i 

S^CxlL<a]| L_jUlVl l(Jbxa 


x = (x p x 2 ); 
z = (z l ,z 2 ); 

(x,z) 2 =(x l z l +x 2 z 2 ) 2 


= x 2 zf +x 2 z 2 +2x 1 z 1 x 2 z 2 
= ({x 2 , X 2 , sf2x { x 2 ), (zf , z 2 , >/2zjZ 2 )^ 
= {(p(x),(p{z)) 


<p 




X 


F 

.56 ^ j 


Aili C5^ K,K’ <*- lil .CjUIaxJI (j-aij cii^j a ! lx a ^ c_jUlVl ax j a ~> a u] 

.1^,1 CJ ^ k+K’ • 
c> 0 j£*2 cK • 

a ,b> 0 lil «y aK+bK’ • 

.L-Jl 4 nut ya^tt 4 Q v ^->tt j ^xAjLo lAA j ]4 jaJjoull S.Vte ^ L-jlull (j^£j (jt ) A-lIo 


4j1V -UjIjII A-x^abaJl 

; ^uajL^x^Jl t:4 i]a^ ^Ixj AJl ^A ^0^11 A_^^a AJl 

Jjl^JI • 

qa UlajJauifl JC . ^aJl J dll jxJI g-tdaS A-iSa^]l ^t^Jt *> tillij L_il]| ^gic. ^jlall dll jj^JI g.tda3 Jilkd • 

" : KlS^ 

/(x) = 2>y ; (^(x,.),^(x))+Z7 


C5^4i)' ^4)1 

^ x >>* j 6 AxAjlIa]! Jataill (J£ <jl ^g-lx xn ;L_i]l*Jl Aj^)Ja3 Aj A_*^aLaJI Aij^a^JI dljl£ lit Ujjuj L_4Jl ^jm j 

.L_u£Ijj v j 1C. ^ t*JUA (JjjJ J 4(J>hm\1 


1 

0 

0 


0 

0 

1 

0 


0 



1 








0 

0 

0 


1 


gA xia^jl g-i JadJadjll gJ g^jl ^C. gjjd L_i] (j-a til liA Aj| A 'SjVAl ^Jl (Jj^aj gjl gj£^a-a A_iic. J 

L_fl^JI ^jCr dsLo^lx-All o^* } g^Al ^tlaJ cIp^ ^ .Aj^Jaa 4-4)1 ‘kkjkx^A ^jj^aj tAa^Ax^jl dj|j ^x CjI^iaII 

L_i] ^lo (J 




g^ill J L^jlill Ax gJ ^Ua4jj jl -y i\ M ) tilli J aJIxJI <jAxj 3I dlli ditxljill ^IsuVl A_1*J Cy* 

^jJa j ^A A_^.j^a 4_4i A-i£julxi ^jj n^kVI Ax. c>> i t Ij^>A ^jjc. j^l^jJa^c. ^jn» j 

.CjUjIulJI 6 1a (JiLd ^ CjUUJI J c5 ^ »j. I ^aaJlii I^jV (J^J^ 

jlLaui (JjJaSl ^jLiiky A n\i* ^llaJ A_ilc.j 

aJI (jj;\ ” .Uaa. A^jxi^xi (^\ ^alsu A_ijl£>il LS^J - A_SV1 Ajlxuj ^ajujj L<4 1 v>ijl (J^Lulxi ^ja 

CI^jjjJ I AJU (gJbJLa. S^ajoi Ld^jc. ^rlVuuj t^^JI j A_ial jc. jj j£ £a CjUj A_iJjj ^jl 6j^alU 

^ilx ^1 (JlLa ^A 1,^ S^ixl^all AJVl j (J^S Ia !_j l^i ^jV fi^auuj 

/’S^ajuj ^A c^jJaa.! ^A Ld (J£ ^jU (jl*j dlL^jl 


Jgjjj£j 




cJujlVillj L— 

(JLua.^/1 dsl(ujjj (J » J (_j-a (^jl Jjic. *<; du^lu ^liiVilj 4 JJJ.£)I ialij . ■ ' ’ 'Cjl-l&Luj^JI (j^i / . 1 . 1 c. Uj.ll (jl 

AiVI (jjAJ! jLiivVI . h(jL (x ) ^ x ? . — ^ x JaJaiall Ai^LJI ^Luj .D(x,y) J j£ > ^1 

;A_ilti]| 4 juj^all j 4 j\ jgi^ (j£^j ^* 4 ]^ (a ijl > -^1) ^U^Ji j| jl ^LiivVI 1 ^ jli (jl 


tf(a) = i{ly-ft(x, a )ldZ>(x,y) 


( 1 ) 


^bLAJui) fbi ^ 

;4j1U1I 4jl Jj -*allj ^Jox-ollj ^Jj^a^jl ^jia^jlj ^ojuoJ La jA ^U-oxllll £ LI ^lc .’i j. w\l (jjj (jx* 

(«) = ^ Z 1 1 ?/ - >*(*,■ > «) 1 • ( 2 ) 

;4_ilUll .laJl J^jI jc- ^gic. J v ^ ia 4 l-£ JU^fl ^ . 0 <(J< 1 (j^£j C-U^J S 


R(a)<R eap {d) + 


df(log(2/ / <i) + 1) - log(<? / 4) 
/ 


(3) 


h(x,a) 3 AjUjI! 411*41 ^ R <_ 5 C.i 1 J oj-ial <_>uUifiJI jA j VC l>“^ d^O 

.VC <aj <^fcg <^41 <$4' <^j4l j**j 1' j . D £Ujj1' ^ 

* ^jLi'sll 3V (J AjjoiIJ^) Jallj Cj^Ij 

D(x ,y) ^ • 

(jxi (_£^)juu]| A g 'sll L-lLud^J !)Ui^ (Jjlll fijlc- ^A • 

# A1^1*_a]| (j-a ^ A g 'sll {' InlVI (jl (j£jL Ajli 4<J C — 13] • 

AiVI V^taJa] A j^^VI ^JaxJ 13 a 


VC *$1 

Jalaill Ac j.a'S.q . 1 ^,jJ LILa j)t£ 131 JaSSj 131 (J Aj I H — {/z(X, 6 ^)} (Jl j4]l Ac VC ."uVqj ;L_flJ^)*ll]| 

, , , , {x l \ d 

i (a-<2>Ic) c_sj^xj (J£3 j 4 2d ^ cjU£ jjII (JS ^ ^2 (jl <j^4 6 i 3a (jl ^ ^ * i—1 

(j-<4 cil liA (JjJ 4^ (j^l j (J^juIj djU!>UJl tilll (jxi (j^aj^ak^ 4_1 3^.^ (jl (j^J H (j^ cilliA 

^A VC (j^ (J (j^J •£!/> d. ^,>^1 ^11 o3a (jq V i Cilia. i [x l } q i= 1 

VC .(lU— ^Luoill (JS (jjiLj <j| CliiakJ^ fj Jj 3 j)-d V<ujdixJI X C 5 Ac. j^-s^'l 

(Jjb^agjj (jl (j^J (_ 5 ^^ J Jali^jl (j^ N N ^ c ' Lf^ 131 .L_fljlia^]| ^ja H Ac jx>^^J| 

jA Ac VC 2 V *4 Ui^&jl (j^yi (J^ ^ 

VC a4!I Jc Jli* 

tA^.^. j-aII A ^j3jjola]| Ja ^JaVll (j >4 j)j£jj {^(X J t R ^Ljaall CjULiill (jL (jia^)jgJ 

4 L_fljUa ^11 (j >4 Ac jx>^x>\l 6 ^_J ^ > nVl (jl (j^J -2al3j Cj^\j (Jx>1^x> ^A I x>*nj Ai! ^jJal ^11 (j -<4 ^^JaV dil 

.(Jajjlj £ 5 L — Ac jAy$} VC I^A j ^Jallj ^-*-J^)l Aj£] 
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^ a tiVl (jl (j£j<iJ til -bULBl (jl Jalaill (jA Sd^lj ls 1 jMj . R" ]Y1 Jalaill <C-jAXa ^j>>s J ^) ml 1 

#( ^iad cJ^JAJ 4 l£i X *1 * Jaliill ja dul£ lil Jaiaj lil 4 ^-a . ja dlLjJjuiA Jj 3 j)A 

cj^ n +1 bdb ^)bdj (jl (j^Aj dii2kj t n +1 R n ^ CjUjIuiaII a r - cJ VC d*^j! (jl ;A-^jaa]1 

(J^judJ A lill a ja x> <babll Jaliill ^^>4 dll g ~N ja (jli AJb^JI dJA (Jja ^3 ;(JjL-at^ JatiLBI wl ^jld^j tiili Jlxjj cJati^jl 

(jjfL Lade. uj^ VC .JaliiJI (jA n +2 jb^-l i)Ur^ V u^ 

^djdiddi |/z(X, C^)} 4_ljJa^)i]| <■ fljliaj 4.C. (J^il^C- 


(X (JaI*JI j Jata^jl (jA / (jl ^ d^Aja 


Ji— Jp 


/z(x, a) = sgn(sin(ax)), x,aeR : 

_y. e { — 1,1} t- / ^ ^ 


(JaIxJI j _ j^Q _i ^ _ i ^ JataBlabb # /^(^x ^jjJLi (jl (j^b -bb2l adb (jl diis^j 


a= ^ (l+ ± ( AzMl ) 

i = 1 7 


2 





d/l 


.58 fS j ^jlt 


( <5 = 0.05 ) 355)1 c> % 95 csr^l d /lc^ Ju ^ ((3) 3Ll*_JI gi <^15)1 j#*5)l) VC 353 

.d (J-g ^ (J51 Ax*j3 1^1 ** ><a ^ ^ 3 )! Cy* 1 glc. jx>^vx) ^alxlill All j)l C t vyi<i # 10000 £y* L_JJ^) 4 j)l ajjc. 

.5^ 6^ ^d' d /I <JeH I^Sa j . 1 <VC 353 (jli (/ =10000^ = 0.05 J)d/l>0.37J 


6 .4 ikx ^jjl Ailll-a All JjVsl <9J^)Ja ^gl] U^j5j ^Ixall ^j)^A\l ^lc- ^Ic-Vl *1^) (JsVI A x>jq\l ^agjxj A_ll jL^j] 

<LiLj ^ H l a H 2 c= H 3 c= ... u' .(SRM ) ^Vl jJaaJI Is. ajjjj^s SjSaSI 

d 1 <d 2 <d 3 <. . . I^Ull JajjuJl (j5^J IgJ 4 j^al A'l VC -SI <^l)l L—ltu^^ill gj-d Aii.1^1^ AjC.^) 3 dllc. jxi'sxi 

jjl j)£jLj 11 a .^Ixall 3 ^»^s\l ^Ic. ^Ic-Vl *1^11 (Jilkj ^lll < ^~sjda ^11 f^jA Aj^j 13]| Ac. jL^j] SRM ^l^-* (j-a (jli 
Aj^jllll Ac.jx>-sx(\] L_i3j^ill jj-G L_fl^Jl j)l lLu^. tAjjjlj Ac.jx>-\x> (JS1 ^.1 j £fl ! jj tdiWl (j-a AiudLoj cJaAj 

A533I j 3^iA(\j (J5V1 ^J^l *>. U*i"\ Aluilui Aj^)Aa]| djVVl *l^lj tilll .Ixj ^))oA\l <J j]5j ^A Sllaxjajl 

.VC 




uLiuali) Ua^ 


;^illll ^A k k\^'\W aLUII aI^juuJ] \\ c. qju^illl Allla J Uak j)Lj ^jJal ^11 gj-xa 


8 = 0 


(-] 
{ l) 


; Ailliill Axjj^alU i t Uti^j J ijJi^JI ^ic. 




4_ilV Allilllil d^IaII .CjI ^1a]| g.Ljafl ^ic-Vl (jlu-alg-ll (_£ jlLuA^^LilLl J ^(j^ljdll) 4 _aj2)Ia]| ^)ia.a» ^]g^5j 
.CjL^j^)! (j>»jqVn ^joulj cillij o^^jU ^£ajj ^c«^ll <^.^a 4_ill 


funct. margin = min y i f(x i ), 

■ yj (*,•) 


QA (jit- JJ 

I^j^JIj C5 ilSajll (jLol^JI 


geom. margin = /. = mm 


I w I 


( 1 ) 



jU*-&)l = .59 J ^ Ji . 

u^d' du*j A >0 J < (lw, lb) J] VMd dp-* te] V (w ,b ) 

^ fcrt.V^ 11 \1 <jli ^1 ^gJ] jjjiilij) ^qjh jll \\ .<Jc. AxuxjV ^ tn.Vig II (j2LalgJt <j£3 

. 1 1 w| | jA*-^ dAA? lp*^' djiuj c j^j . 1 /llwll -Seijis 


QiKjg 'I ^jjij AiLoiJl 


X 


(w,x + ^j + b = +1 
(w, x~ S j + b = - 1 
(w,(x + -x~)^ = 2 

— ,(x + -x~)) 

llwll / 


2 

iTvvN 



(w,w) (2) 

;aJU 3 I 4 _LI*_a 3 I J^Vi (jjjWi'U 

>’ ( ((w,x,)+/^)>l ( 3 ) 


u.^JI Vh Lp (W), W ^ Q 
SjL-^ &O )>0 
SjL- hi(w) = 0 

lAilia tilli 1^ 1^3 (w* ) =0 ^ <3%/ 


(A.iffuVt Ajjlaj 

^ 4 , UjjIjujV I Ud^ ill A )> ? t 1 


' mLs iS^\ *Uukll 

i=l,...,k jyjkiJlj 

i=l,...,m 

&JI lit sk^j &( w )^° AilkJI 


•^U]| J£Jd3l aLI^aII Lkfca u aIiLj lIjIjIslIg ” ^^klLaij SIjLuiaII J] Si jLuiaII ^c. 
g/( w)>0 <=> g,(w) + £=0, with 4 >0 

jilMI 4_^.^ill A-ilak S^js^JI 4 jVlVI (jlauj i^ic-Vl (_5 jlLoui 4_1 £ju 1 a]| 

( Karash-Kuhn-Tucker j') kjjiu lU*iJ Ua <ji*j 

:Lagrangian 

> r - / , (w) = ^ <w, w) — «, E y , C(w, v ; ) -+- 1>"> — l] (4) 

GC > O 

<^l&i J) <^uVi & jsavi 


jA Us 0 & j 4 <jjI jIaII (j J£j ( 3^*^ Lua Lp (w ) ^IStSlua} tilli Lillajjj w ^bs- 5 l 3^-^ Lua Lp(w ; ) 

. «, ^ 0 1 » jill JC 


:Lp (w ) 


dL 

o' 

II 

(5) 

dL 

O 

II 

CO 

(6) 

w = X<w« 

i 

(7) 

z«^=° 

(8) 


i 


4_1£juU4 IjjjC- ^j^fLjjud Lp (w ) SIjLoIa]) 6.1a (JlAllxkJj 


4_iM11 4 K Jd^W 

:^V! ^ujSII J! 

L d =Tj a i~ ^2><<W, ( x i x ; ) ( 9 ) 

i Z Uj 

(Xj > 0 (10) : J 11a j 


Z«/x=° 

i 


(11) 


lil lil j AjjUSII 4 K fcrtatl j^JaJ V b 4 _*j3 # (IjLJVI 4-J^laj Jasuj^j <j) U^4 ^ J 4 K >*i* ^1 <Lulj J yu 

4 uul^VI ^ ^ 3 I3 <> 


b = — 


maX >, =-l (( W • X i )) + min >, =i (( w • X,. )) 




Ljajl f 4_ic- jjJa j-aII 4JI^Ij 4 4 jl'oVl (J^jqVi 4 K juLq yy (_£l (jli t<J,W<a f 4j|^]| d±3t£ I j] 

4_i3 LaJ ^)iixj 0 tilUA 4iU <y^3! # U ^ W 6£jujIj ^ J& 

; 1 Jl <j-a c_jjj 3 4jli£3l 

/(w* ) < /(<9w* + (1 - 6»)u) < 0f(yv*) + (1 - 6>)/(u) 


/(w*)</(u) 

0 e (0,1), <Is^j Vw,ueQ 'i' C^czR jl Jjall (JIaa aJc. 

aJIjJI C q 4x.ja+A\ J1\j AJi»Vl ,j 4^ 2J£J, f . (6>w + (1 - 6>)u) e Q : JU3I jSaJ UAU <^a 

4jA^-o l^jl 4jli 4 jA^-o J jjaJI 3 £j 4 jr.j ‘ >. j 

^Ua^L l_j^j 3I .4^1^ Ujj j j^. V 6L_j^xi ;4_ijlii3l 4 -^.jJI Cy* 4 K Ji)A a (3) 6 (2) 4J£J1 a 3I <j] 

.j j^aJI ^Axl<JI di3j3l ^ 4_^.j^a 4-2V 


(KKT) Karush-Kuhn-Tucker 4jj~i 



:(3) ‘(2) ^iluLujVi ^ 34J' 


pUUJI ( v = \,...,d , i = 1,.. 

.,/ where d KKT • 

A L , = w - X^=° 

5w v / 

(12) 

— L= -Taj, = 0 

db p *? 11 

(13) 

yi({w,x.)+b)- 1>0 

(14) 

a j >0 

Vi (15) 

«,[y«((w,x i )+&)-i] = o 

Vi (16) 

<J^4' KKT^ ja (16) 


Jaj^jjuj ( Ja . ^LajV AjSt^a A _ a^a A _ l]I A 1 ^ jua ^ (_) a . • 

(jjiiaj (j» 4 1 >J (2 A_ilULd J jla. <jl c^n^j <!La KKT L Vfej • 

«,■ [y, (( w, x ; ) + Z?) - 1] = 0 Vi (16) 

JjjL^ ^£^31 J J jll 31 jilxj cr^ xi £^^^33 JaSa AjI ; (A_!Lja3l) jjllill C5 3c- £Jii I^A • 

dllg _ a . j ^ ^ g . xL>.tiJ L — Ll / l ' v'ull fii 6 S ^ jUlaII qq 


;(J-al jjl 3I (j-d Aj^jUi3! Ax. aXb Ja Jjjj dial} ^jUjII Jilxdl f^gk j^JaJ O' 0^4 JliLall <_£ jluuJl 

/ 

/ (x, a, b) = X }’i a i (x,. • x) + . b = X v,«, (x r x) + b 


i = 1 


:<JU1I yjUu.il ^ yesv • 

( \ 


= 1 


y j f(x j ,a,b) = yj X 3W ( x * -Xj) + b 

V JGSV y 

l 

w • w) = X (x,. • x, ) = X a J y l 'E a ,y, ( x ,- • x ,- ) 

JESV /GSV 

= X «;(!- ^)=X«; 


til 


«. y=i 


jesv 


,/ssv 


7 =1/ II w ll 2 = 


A A 

t 

a. 

i j 

V/ esv J 


- 1/2 


liSA 


. jM ^ KKT^jj&t& 



X 



A_ilV 4_i£1a]| ;^)!iLii]| .61 


4a ja Aa 1\ (jal Lua^ 

4_ijtii]j • 

L^USVl • 

(. > i^v'l • 

Jjlull • 


iiLlill 4JU 


(jaJ lil ^ )ol yic.j j£JdJ JAJJ 4_1C. Jjja j-<Jl <UUl tdll jA^ll c-LjaS ^Uuql" <Lli jj^JI CjULJI <ULa* ^3 

Cortes .J^xJI 11 a 4iK Jj^il : jaI ^ jjj^ ^ uj^ Ja& <j£J t(3 ) ^ S- 1 ^* 

g i = l ,..,/ ^Lw*^ 'f^ iVapnikj 

4=max(0,l-y i .((w,x j .)+^)) (17) 



.62 fSj jfcuijll 


iil elLtij i%jl jA J ^ liliiS J .1 _3I jjUjj ji -J 4-ajjjJI (j^ ‘P 33 ^ £ j2 ijJ 

° II wll 2 12 + C^.^ cr^J llwlP/2 o- i J>£& <SI2I 

(jj* A-lSa^ <S£jou 4 Ljajl (_£ o 1 jl k =2 J) > 7 J <U£juui 6 k 


(. flj^aUl (jlbaL^Jl jvuiA 

4 s n«o\l k =2 fcj 4 _JjuAjujV1 a1^ju1a]I 

: JUSJ t^UJ! J 


i{w,u>) + c££ 2 

(20) 

y,((w,x,)+fc)>l-§ 

(21) 

•Lilliill Ajuj 


|(w,w> + C^4i 

(22) 

y ; ((w,x) + 6)> 1 -^. 

(23) 

^>0 



: JUSJ t^UJt j 


AjjUjII 4-LI*-a3I ^k V ^ <jl£ k = 1 2 4^4)2 

;<2U1! ^ 1 jU*_eJl c \)U\\\ Lagrangian 3J2jua uj^ <2c. 

L p (w, b, £ a, r) = | (■ w, w) + £. - ((v w) + fc) -! + £]- £ r.£ (24 ) 


i i 


b j w,£ :<> J!i JI^VUj r i j a i ^ u f£L 

-^ L p= w ~ll a l y l x , =0 

3w 1^ 

-— L = C - a , - r. = 0 

04;. p 

a ' 

— L = Vay =0 

db p ^ lX ' 


r t > 0 . a, > 0 

(25) 

(26) 

(27) 


<6U^l! (24) ^kaiVl Lagrangian 342*^ (27) ‘(26) ‘(25) cjV^I*-2I 

.I QJ^iWl 1 jL*^JI A f)\ fill 

: aJU3I m*jJL JUi5 ^U2! 3K^I 


l d = X ^ X v, .y., (*,-*, ) 

i ^ t -,i 

o < «< c 

= ° 


(28) 

(29) 

(30) 


AjM ^ KKT ^jj*S d\ 


O, (<’ w, Xj > + z ?) — 1 + 4 ] = o 


v* 


(31) 


£(a.-C) = 0 (32) 

^ Ld^jc. Labile. JaS3 ^ax^gj] S^jjUla 4_aj3 *1^1j A. lila^ll 

4 x ixxall J ^Jaju ^jl ^jfLoJ jJaj) ol jLua^jl Ja^)jud] 4-xjJal ^j^aSl ■ W ^jk^j 

W (a) = X a t ~ ^ X a .- a y » -l’,^ (*,• ’ *, ) 

» ^ <j 

0 < a, < C 

Ya a ,y, = 0 

i 

8W( a) 


« < 0 

repeat 


5a,. 




6 ^C-la ^JaLuUJ W (tt) xxa^VI ^Jl (Jjx-a ^jl ^j£j<aJ 

dW(a) 


a i <— a t + q - 


da. 


<_iJa^)! 1 jLjjlaSI fj * *l g I SjamIaaI! <LMjjljxil 

ojfr if jjljaJI cM 'l e R ; >.' halj £) Ac. Uj 4 Ai! (jiajjiil 

for i=l to l 

«,■ <-«,■ +? 7,(i- 


if a. < 0 then J a. <— 0 


else 


if a, > C then a, <— C 

end for 

until stopping criterion satisfied! j(»-eJ' j'j^') 

return a 


lax ujjiSl! 

J # I^JjujUa 6^)UjC.| Ul ^AjoLj Iaa # dl3 Jfclj (JjuAjuiIa (J£juLJ (J jVl ^C-lxxaJ 

AjUxxalU 4_jUacJ ^j£aa IkA # dlVl^l ^ I^IHaa \jj_jSj 


(X ; ^ OC; H“ ‘ 


1 


K(x,,x.) 


l-y^ajyjKix^Xj) 


'i> V 



4-u-uLuuV! CjU£j- 4]| AVit I j ^2ai]j 


Ac Aaj^)]a (_}a*J A_Ld^^)l^k]| 

iD A j ^ Ijj^] 

a ^ — 0 

D(^D j^al nC'VlALalgJl Ac- jd'Y^I j£i^j 

jj£j 

D (j!& AjfuSn Jjj^Vi XlLuiA 

KKT ^ jj2u V 45^1 jCjULui! <j-a SlVnatl SjjdaJi Ai-aUJl Ac- ja^A\ j-i^J 

(X Axn ill *1 

. SMO <iJ^lu4]! ^itfl AJl^t Jjiau 

V (^5^ ^jl (_]£judJ CC i ,a j (qgjjoa. dlJ ^a^kj tA_AjuiLuu]| Lilli 4 ilibaVI (Jjjkaj AiL^ja Cjl^laL S^la ^ (_]£ ^3 

.likll 

X^>’< = ° 

i 

.^JaaJl Lill (Jlicl (jj-lJ J (Jj^ajl Ajla^)Lxi Lj| filial (_]£judJ (jdj^^ll (j-a ^LllLVI ^jjkaj 


Aaj^JI jiia j 

^ )oy x> ^ixil j <_£-l j-atc J5 ^ } £jlaj-lLll (jLmjVI A_a j JJJ ^(j) ^aC^jl A_aj^i A2I (JI^jlJjujV ^qjjlVl (JLg ^Jaxluj L& 

(JjAjS ^all £judl j (_£ jluixi ^lc 6 ja. ^ll J)jj A) j *^l11c ^1 ^Lls^jl lk& # (_£-lL^)ll CjLa^)Jj dj| j ^)ji>«otl ^aLVI 

# (JI-1jcIj Ajjkll (J2/Uall dlaJ^Ja. all's all 6^-ljJaVI -2a j^)juJ dlaj (_}aJ££j 
A_L^}a (J.A8U.LHJ .A_a ^11 (^-2akj JaLjl j 4_a ^11 JaLjl CjULij S^C-la ^lc J A_aj^a A2I (Jl a*‘Lil 1 L_li^plill ^aJ 

(J-al£ (J£.uij jj^tl ^jolaj S ^11 ^aUajll c. a /li^j # Aj^l^)££jjl AjjujLujVI dU^^all ^Jl > uVitl 4_ia^^)l^a L_ii^plill 

A^ll-lla a (J? ^j\j ^] A_iL^aVI o^jjj^all ^UuVn tiilk j t (jj^ULall ^11 - <Jjuj JaLdj^yU 

kal i^y . aMJ ^-1 x1a]| (j^LLall .(^-^- J C Vn^i\l ^J^)iLl] ^aC.-l]| j-d 4_i]| 

A 6^)JJ^all ^<4 kS^A jl 6^)j£-<4^ L^JUjUa ^ISLaII ^Cjaiill j^JA 6 j jAl X>\l 

4_a 4_i c. *Oj J ^ a 313 CS"^ J^C’ ; j A Ac. ;^)jjb^all ^j-<4 ^1 j ^U aill nAl ^aJ 
155 Ac 1 4_iC djlk ^)jjl^]I Cj^ 23 cg^ iS 1 B A j ilMl Ac jxh's^jl j 6 6^)jjb^a '^■^J 


c> 5,383,682 B acj-a^JI Umj tial^jVI ialj£) ^ 4,669,960 ci^u-^j A acj-a^JI .a^j 

•j^Jlil! jblaVl .JaLojVI ifll jJ 


.3 


B Ac 

A Ac 


74.2% 

97.1% 

( jjaxuII^ c q\ fctn^Vl Ajjluj 

20 

4 

ikkiJi jiiji 




l_i] a^.ja a_i! 1 L tiilij ..iilL ^ A_ilVI 6£.!^)£i] ^jLnlaj (JlfLa U& 

9300 u-? cj iULj s^c.li (Jl^xiuil ^ tdjIjLlkVl s^c-Ull 4_lb ^La ^1 Gaussian 

(j-a 4_iixkJI <^a^ll djLuajJ 4_^.j^a A_La j^)l (J-ajcLaa! ( . 2000 7300 ) 

; JU11£ clljl£ 0jlinll a ot i v ^->Nf 1 ^a ] Q J2utJ CljLajuaiLa] (Jj^ajl -la^J A-LajLiill Ajillill 


.4 JjJaJ! 


jtiiVVI UaV Ajjuaj 


6.7% 

4_jJjq*iy \| ^£l^a]| 

4.9% 

^C-^ll A^>ja j£l^a 

4.2% 

^0^11 A^^a A_AI 


Bayesian <— 


AaSLaI] 

(jLali^Vb (JlLaJa 4 K i^i ^\i (Jl_^a (J djLa^l*^a]| # XI 6 . . . 6 Xn dll^iilLall A_ajUs (Jj 3 (j-a (JiL2>ja 4 K v^^Ji (Jl^a 

.P(X1 <... Xn 

jlijVI ;JULa 

^Jl iS^J&O (Jl (j^b La&2/1£ # ^tc. (J^ t\n (jjjj] IxdJa 4(JjV^J 4-3^21 aJL^. (j-a (J£ 

m A K A^]| 6^a (jCr ^)L±k^U j Aa^a jljU. tilU& (jl <ULqJI ^ 

# (Jj^ajj V (j-a j (Jj^aJJ (j-a A_jjuij ^Ac. Aii^j^jjl A^jLai^.1 Vi n (j^o^lVl aJ£jula]| 

(M) Jl^aj] t(j) JL^aiij t (A) J^\ (_>> ‘(E) Jl j5j ‘(B) ^ • L - J ^ 

P(B,E,A,J,M) :^2uJI <4ji^l c^LajkxJI 


.5 fSj Jj^t 




P{B , £7, A. J : Af) 

B 

E 

A 

J 

M 

Prob 

B 

E 

A 

J 

M 

Prob 

y 

y 

y 

y 

y 

.00001 

n 

y 

y 

y 

y 

.0002 

y 

y 

y 

y 

n 

.000025 

n 

y 

y 

y 

n 

.0004 

y 

y 

y 

n 

y 

.000025 

n 

y 

y 

n 

y 

.0004 

y 

y 

y 

n 

n 

.00000 

n 

y 

y 

n 

n 

.0002 

y 

y 

n 

y 

y 

.00001 

n 

y 

0 

y 

y 

.0002 

y 

y 

n 

y 

n 

.000015 

n 

y 

n 

y 

n 

.0002 

y 

y 

n 

n 

y 

.000015 

0 

y 

n 

n 

y 

.0002 

y 

y 

n 

n 

n 

.0000 

n 

y 

n 

n 

n 

.0002 

y 

n 

y 

y 

y 

.00001 

n 

n 

y 

y 

y 

.0001 

y 

n 

y 

y 

n 

.000025 

n 

n 

y 

y 

n 

.0002 

y 

n 

y 

n 

y 

.000025 

n 

n 

y 

n 

y 

.0002 

y 

n 

y 

n 

n 

.0000 

0 

n 

y 

n 

n 

.0001 

y 

n 

n 

y 

y 

.00001 

ii 

n 

n 

y 

y 

.0001 

y 

n 

n 

y 

n 

.00001 

n 

n 

n 

y 

n 

.0001 

y 

n 

n 

n 

y 

.00001 

n 

n 

n 

n 

y 

.0001 

y 

n 

n 

n 

n 

.00000 

n 

n 

n 

n 

n 

.996 


P(B=y I M= y ) ? tAijjaJI c. ^JLi] <jl ^jialjjaU AijjuJI JUu^.1 ^a L* • 

P(B , M) = ZE, A, J P(B, E, A, J, M) iU^\ • 

*L_j| ^Ac. ^Ja^)jud]| (jLdl^Vl <«— • 


P(B=y I M=y)= P(B=y, M=y) / P(M=y) = 0.61 


I j ^ ;4_1 • 

; jljuVI L?la 

.Xalijat 29 J 1 P(M=ylB=y) u' ^ ‘ ^-31 J\ 


.6 Jjtell 


B 

M 

Prob 

y 

y 

.000115 

y 

n 

.000075 

n 

y 

.00015 

n 

n 

.99971 


(££ ^jil ^llaj La£ . ad^)luuJI (JLaJ^VI -la-lall 2ll 


La^aC. 

^ 2 Jfrl Je P(X1, ... Xn) 

.^-Vl 













•' — Al VI 1 A h nK nil Q. s iC-lii Q~' ' „VI ^-luSH A ]1 A IS ui ( ^lc. ‘ - 


P(x) = P(xl,...,xn) 

= P(xl)P(x2|xl)P(x3|xl,x2)... 
= II P(xi|xl,...xi-1), i=l...n 


pa(Xi) p {XI, . . ., Xi — 1 } AjjjIjI! <c. .alt _jjj aj 3-?-alt a ° .'3 ;A IS A -'ll (JLa_a <_ji (^gJa^Jall (JilaiuAI 
:>! , {XI, . . ., Xi - 1 } \ pa{Xi} 0& <Ss— pa(Xi), Xi u' ^ 

P(Xi | XI, . . ., Xi - 1) = P(Xi I pa(Xi)) 

P(Xl,...,Xn)= n P(Xi|Pa(Xi)), i=l,...,n :u^ 


P(Xi I pa(Xi)) I J5 -j ji P(X1, . . ., Xn) A J-^V 1 

iJllall 


P(B, E, A, J, M) =P(B)P(EIB)P(AIB,E)P(JIA,B,E)P(MIB,E,A,J) 
=P(B)P(E)P(AIB,E)P(JIA)P(MIA) 


pa(B) = { }, pa(E) = { }, pa(A) = {B, E}, pa{ 1} = {A}, pa{M} = {A} 


P(B), P(E), P(A I B, E), P(M I A), P(J I A) :% cJj^- 

• 

^ U«oJ • 

Ljajl ^ (J^S±u^\ • 


j^J!) ^frnhVill JjIaUI 

Xj (J) Xj Of o* J* f j£JdJ 4_lIajJd3l CjUi!>lc. Jj!l<u3 

pa(Xi) Xj^lSIil 

Xj sAJb P(Xi I pa(Xi)) W c>o^' <M*V' U'J) ^ 

Bayesian :^m51 



P(B) 


P(E) 


PfJlAi 


PI(MIA) 


.63 

Jaii jjj ^ s^c. lp Cj\ ‘(DAG) ^jLj ^oi j : Bayesian 

.AjIjI d llaC. i 6^ixil ^^Ja^judll 

l_jLic. j ^jjujLiqJI (jLd^Vl 3Ldc-l ^jjj! (JlLd C_na> cA^.j*<a ^jLij ^jl ^jJjosjIj jd • 

aJox-oIIj (Jj^al (j-a La ^ixil ^j^atixJl (Ja ^jC- iaj^)juu4 (J^ dj 4j£Laua djl^ixl^jl ;(jLd^.VI (J^lfllLujI ^jJjuiJ 

.uaj 

B ? E, J7BIA, J7EIA : a±*2L* ^ <^1 r*J ] <> 

fUiuV! 


i^JUlU (jjaijujjlj djl£jjuj £.U±j 3^^ 

3j A*^' (jL^«a I <jj^aJ dj| ic-jAXo jjl 1^ • 

L- ilia AjL^ 3 Jjl • 

/ - lOall <jL^>y UlLa ja.VI jfc -laJj ^gJj dj|jIxl<JI L-fl-jjJaJ LoJ j <C. jUll A^Jjdll 1 !ju3 • 

; ^HjSj ^ j 3 u*LujjIIj Xi AildaV • 

:<jl ^=h (XI, ..., Xi - 1) ^ jliiall (> pa(Xi) o 

(Ua ^jlk. JL~ 4ij~) P(Xi | XI, . . ., Xi - 1) = P(Xi I pa(Xi)) 

Xi <^] pa(Xi) ^ l£ (> ^-j2 o 


;<JH« 

Order: B, E, A, J, M 

- pa(B)=pa(E)={ }, pa(A)= 

{B,E}, pa(J)={A}, pa{M}={A} 



Order: M, J, A, B, E 

- pa{M}={ }, pa{J}={M}, 
pa{A}={M,J}, pa{B}={A}, 
P a{E}={A,B) 



Order: M, J, E, B, A 



CO^ixlgjl (_£ I 

oj P(B I J, M, E) JL^VI o' Of- M, J, E, B, A J-^V' (o^i) « 

. J^a' JjVl ‘(o^'jSVl Of jf^') ' j - a ^' M, J, E, B, A o^'jSVl 1^ Jlgj • 

O' J j M 0^ Lr^ M, J, E, B, A JjS yy^j <L±ixA\ O' lWi^L) • 

•A d* gj^j o^ A ^ 


AjjUJI Bayesian 


J) Bayesian ^ t^dajjaull 4_m^l dj\£f4!' j> Bayesian 

l_lu^JI - jjjti djta!>lc. 
;^JU3b ^ cljl£jjud]| O^ ^ j-^1 l^A ;A-ajj^j] 1 A.S^ui^jl 4 jjj 
3 <* C5^' eljl^ixll-dl A£.jxi^<i J)1 1'p • 

^(jLa-^jl ‘kkjaLA C t lUaTl ^ S^jujLia]! AjUjujI O^ l£ O^ ^*- li fi3' (^) ^ • 


Jlid! 







.64 {&j 

Lqj^_Lq Ijlls i**n*nl A-mjuJI 

.£jujI j k U J gj j) A X> C_Lu^jj • 

Uljic. gi ^ajg qx> jl ^llaJl 4.n<^il 'N tg_j| ^lc« ^La^.1 V • 

;A^jJal J ULi^j 4 j .1.1^1 (JlilSilifcj! 
.^UJI (jxi J) (jjA(j}l jlijVl • 

.4.1 "i. null AjljujI ^Ac- 4_1j£ 4_j ijjl ^jUajjai i. i n*n • 

. a^cjJal j dilS ijV 1 ^ LaIij 

;4 qVi j sx> Ujj ^a<i £±ill ^1 n«o ^j£A 4_j jjjl ^jUajjai c. 1 n*n <jlj s-LilaVl ■ V^*ia> J • 



£jlAl ^1 n^i 4 jjj 


i. ilnll 4 jjj 

jUajJI Jl C ‘u^-^l J' S jJj i — y*- 
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JVJi-VI 

Aa^/UI Cjbujjj <^A kai 4 CjIjIx 1<JI (J-axJ ^J3 Ula^-V ;^jjjoajlj (jc- CjI jLudiluiVI <j^ax j Ua liaJ 

? P(BIJ=y,M=y) Aij^l A^jLoil^l ^^aLg ^lijVI (JkLa ](JI!1 a]| 

P(Q | E = e) = ? jA jLuiluj^U £l*]| J12JI 

A Mi C1 j|^x 1 a]| ^ 1 c> (Jaj 0 4(32^1 CjI^axILg 4_Ajli E‘j^ ,V! CjI^ixIlg 4 _ajUs ^A Q (jl ^ 

JV^ikuaVI £lj2 

P(B I M = y) Jv^yi 

P(M I B = y) / csj^l J^VI 
P(B I A = y, E = y) <— iUjuiI (jjk) ^ m2l JV^Iuj) 

^l^j) P(A | J = y, E = y) (<>^1 Sj jl jl! £t jhV! (> j^l J (jtc . jm £- 42) JV^V! 

(l£'^- c ' j 

Ig mqi Afij^lallj l^j^lliJa ^aJJ (3^ 


^jLu2| JV*ikuiVI 

;a 2U3 I ^^a (j^ju^kj ^ P(Q|E = e) (3^ A^ikoill aa* Jj! j^JI 
A_ 3a^)jud]| djVkali^Vl Aic.1 jJaJaJ X ^I^>4*1 ia]| ( 3^ P(X) cJk^i^VI ^Ac. 3 v ^^j * 

P(QIE) = P(Q,E)/P(E) = P(Q,E)/Lq P(q,E) 


Ajlac. t,~~n»ul Aj^jjl_jiJI (jl (_gil (j jJjj Lm ttliljjilall (j* (jiouLj i'iKimi j i_jj£jj • 

^j.iall (jA u Lilj ^A La^ac. Ja^jaJagjl _IV ^ V ' • 


P(A),P(BIA),P(CIB),P(DIC) ^VU^yi 

P(D) = ? IjUaila-V' 
P(D) = ZA, B, C P(A, B, C, D) 

= IA, B, C P(A)P(BIA)P(CIB)P(DIC) (1) 

= ICP(DIC) ZBP(CIB) ZAP(A)P(BIA) (2) 


• A<a»lll 


+ -v V 1 -v v 


— ■ — ■ l(l) JIaxIujI 

2+2+2 :(2 ) JIaxILJ 


jl (3 jj^s ^ 1 (jjj^Ja ^A a!£ju!a]| diVk^Jl (j>i* \ tAjjaalill (jjjaijlj A£jjui ^A Laj-aC. JajU>iMj (3V-2 joiVI (jli £a 
A j-d jjl j^Jl (jli ^Axl2l <■ . (^1 (j^JoLib A£jjoi li}2 (jl£ lij - ;t23i ^^ic. Jlia j 4 Jj^-a jll AjjI^I 

*1^.1 J (j-G 1-A^i (jlj^aCr A_l3 ^.jjV J .Wlajl (jl (j^-AJ 

Sl^La-^jl ^A |( 5 A_i 1 a*JI ^^)laill \lj 


(For i=lton) n^]i=l 3 
Xi (Xp(i, !),..., Xp(i, n) ) c> . 1 



^jIjjuoC. S-LNI fiUax-Q Cjjl£ ^jll ^aJsJl (_£^- JlL^Tj .2 

P(Xi | Xp(i, 1)= xp(i, 1), . . ., Xp(i, n)= xp(i, n) ) -S Jj^' ^ .3 

(Ji j^J li^la ^jIjjjc. J< xi .4 

SISU4JI 


; g-L^a^VI j Ajjjj.uiy.il C^jxil ^y^ll (J-^j 6 P(Q = q| E = c) ^V1 Aj3^)*^j 

E = e 4^ g4^ ^ Nc • 

E = e j Q = q 4^ y?^' ^4*^ ^ ^ Ns • 

Ajjjj.uiy.Ji CjUjyJj fsf • 

; ^ jla Ajli^Jj Aj3 Lj jjj£ N (jl^ lil 

P(E = e) J ^ Nc / N • 

P(Q = q, E = e) J ^ Ns / N • 

P(Q = q I E = e) -i 4 hJ' dw^' ^ Ns / Nc • 


DJjii-Q ^aJ3 ^J*J i (jl 


JJjsJl gjau 

: jl. 

1 * ** j A^Jjui j C^jjjJjjj Aillja) JJJ^^j jjj^i Aj| 


XI 

X2 

X3 

X4 

X5 

0 

0 

1 

1 

0 

1 

0 

0 

1 

0 

0 

? 

0 

0 

? 
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P(Xi I pa(Xi)) 


aU£1\ diULnll Cjli ULjaall jlajJI • 

(jjjaajU (ML) is J^vt (J-AXJj^Tj • 

;^,Uq]' Ja-ai • 

(JjuaiuiLJl o 

<x3Jl!L Q 

<xi^U j Jjudlxjjiol I jj j-d J£j <o*>Li* Bayesian • 

^kill <ULa. ^ Jaia Ok 1 a >i!-Lq ^o-aSlVl 4_L<a^L)l • 


CjULiJI cijli eijl£jJu ^ ^>^S}\ :iaJI 

XI, ..., Xn ^ J' ^ n • 

Xi: ri = IQXil j* ^VUII ^ • 

Xi: qi = IQpa(Xi)l j* *L?Vl pUii jj ^ • 

0ijk=P(Xi = j I pa(Xi) = k), i = 1, ..., n; j = 1, ..., ri; k = 1, u' • 


qi 


.2 6 1 *1^1j j LijUj (J£ (jia^jjgj j ^jjjaijlj a£jjuj ;(Jl!La 


0ijk=P(Xi = j I pa(Xi) = k) 



.^uVl 
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dm = P(Xi=l),tfi2i = P{^i=2) 

%1 = P(A r 2=l) : #22i = P(J2=2) 

pa(A r 3 ) = 1 : 03ii = P(A 3 = 1 |A l = 1. A 2 = 1), 6321 = P{Xi=2\X\ = 1, A 2 = 1) 

pa{ A 3 ) - 2 : 0312 - P(A 3 =1|Ai = 1 , A 2 = 2). 0322 - P(A 3 =2|Ai - LA^ - 2) 

pa{ A 3 ) = 3 : 03 i 3 = P(X 3 =1|Ai = 2. X 2 = 1), 0323 = P(X3=2|Xi = 2, X 2 = 1) 

pa(X 3 ) = 4 : 03i4 = P(A 3 =l|A r i = 2. A 2 = 2), 0323 = P(A r 3=2|Ai = 2. A^ = 2) 


.(<3 CjULnll (J£) J* D1 ! 4-Lal£ll <ULq^jl 

D1 = (XI = 1, X2 = 2, X3 = 2) : J^ 

(J\ eiiaall c_j D = {Dl, . . ., Dm} <c . a <j| 

.0 ^gj^aaVl 

A j\\ i t u*i*\ 4_iic. (J LS XaJl 

1(0 I D) = log L(0 I D) = log P(D I 0) 

= log III P(D1 1 0) = Z1 log P(D1 1 0) 


: P(D1 1 0)?4> jilt u' 


D4 = (1, 2, 2) - 

log P(D4 I 0) = log P(X1 = 1, X2 = 2, X3 = 2 I 0) 

= log P(X1=1 I 0) P(X2=2 I 0) P(X3=2 I X 1 = 1 , X2=2, 0) 

= log 01 1 1 + log 0221 + log 0322 

0={01 11, 0121, 0211, 0221, 0311, 0312, 0313, 0314, 0321, 0322, 0323, 0324} 



.68 fSj ^jlt 


X(ij, k : Di) = 



AjUj. L-LolA D1 4 b jjaaII AIIaII 

if Xi = j, pa(Xi ) = A- I n D[ 
otherwise 


1 = 4, D4= {1, 2, 2} 

X(1,1,1:D4)= x(2,2,l:D4)= x( 3,2,2:D4)=1, 
i , j, k u j>.VI <3il x(k j, k: D4) = 0 
log P(D4 I 0) = lijk x(k j. k: D4) log 0ijk :a443I a. » .i^ 3I <jli a J& 

s-UaC-l j 

log P(D1 1 0) = lijk x(i, j, k: Dl) log 0ijk 


Xi = j , pa(Xi) = k :u_& p4L4l CjVU. lie ja j mijk = II x(k j, k: Dl) 

:'(4 <>j 

1(0 I D) = II log P(D1 1 0) 

= D Li, j, k x(i, j, k : Dl) log 0ijk 
= Li, j, k II x(i, j, k : Dl) log 0ijk 
= li, j, k mijk log 0ijk = Ii,k Ij mijk log 0ijk 


; -XjI Lulc. ii!5i Axj 

argmax 1(01 D) = argmax Ii,k Ij mijk log 0ijk 
0 0ijk 

k ^ k’ ji i ^ I’ ih Ij 0i’j’k-j Aikw iiuail 0ijk = P(Xi = j I pa(Xi) = k) ih 

li, k[ ] (^jiaJI) £y» lJa jjl <jl*J <jaj JUlljJ 

argmax Ij mijk log 0ijk 
Oijk 


Ajl.1a ^ 1 1 t V^c-- ,*« \ < A -n. 1*1 « 

• *♦ ** ^ ♦ ** 


q * k 

a ijk ™ijk 

: ja 0ijk = P( Xi = j I pa(Xi) = k) J ts^aVI ^=JI jj^i o' J “h 1 -^ 
pa(Xi) = k / Xi=j and pa(Xi) = k ^ 






CjjIjjII 

UiUkx^yi 

a^L^\ (*l >VI) CAA .jJl Jiklit 

^gidap]! ( v Ail* *. ii — 


dbjVI 


j Aijg *n xi ^}laj A_g_^.j Jal£j ^a ^buVl jud^.VI ^Ac. j^jl (JjjLujI ^Ac. sj \^^ j ^-IIaAI] A_ij£j ^A 

^Lu^l ^Ac. (_£jAau ^All ,A&buuAl L^a S^I iLq ^j-iLalAl ^ja A jVq*i\l gAa .A-plA^ll 

A Ajq\l *lkl ^All j aAjLoa A_ia^^)I A jVqMl gAa ^)m‘i # ^ a 11 ^Lud^.1 j aA^.I,^Aa 

^jjaMI aA^.^a j ^Aj^jg Vi\l A 'sW * a\I^ Aji\ia11 A * a\I aA^ j*) (Jj^aaixi IgA A_iA^^)l ^^A) a^A \\ 

^Lo^V! ^Ac. L_fl j*j]| ^ uLi^^-a j £-a*A j (J^-^ AjVqltl # (JjUuJI ^j>ijqVi c. V^j tiUi j 

# A_j£^a]| A Ax a\I ^LulaII In 1 ^All A-Jj^joiaII AjC-ll^all 


AiLubJl uLjau 

<jl (jiajiiij Igj'c. L_a^)xiill jIjaII ^Lud^.Vl ^ALa} . ^IsuVl 6 j!1xj4J1 ^Ijj^VI ^ aJLouJI 

Ijj^^, ^\ xti^VI ^jJa j-dj ^ ^ J c3^l 1 QjfLj (J^,I^jj ^3 ^juLaII ^Lud^.Vi .lajjojA 

A^_^. j ^ \ g )\c- (J.a»- 1 ui A_I^.Aa]| qjj^'I ^jl Ud£ ,(aJ ^< a ^Lud^l ^Jl 1 g j (Jj3 

AjjJjoia]| ^Lud^VI ^a (J-dljtllj lldU ^pa^’iq Un (j^d a!^^a]| ^A-JaUjC-j ^>2aj 
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Ia£ L_j£^a]I ^_ju!a]I ^ ^ajlLA]| (Jl ^Ja I (. qVi^kA Ja^,!>lj - L_i£^a]| ^A^juIa j ^a (jjlC- ^)J Jta-a 

,1 g \j a ( XjJaj^j ^ 

(^aC« ^jl j 6^)Jjj^aIl]| AJV C5^] *$J^)^43^ ^juIaII ^Lud^,bU (3A^j! ^jlj ^a^iij 

JalLudVI^ (_5 ^)j3o ’iaII Jj^ill ^jl Ail^)XA ^a djLljJa^)ill oIa diaJ # ^A^£I^a (^aC. ^al 



.laJ (j^ 1 (J-atc- )1 JatiLudVl (Jj 9 (j^a Jli^. (_]£juoJ L_J^)kj 

SJl^La ^t. A ‘khjkx^aA Uj^I .L-JJ jfl Jilj ^Jlnll *l*_dllj ^jIjLI Jala taA (_£jJjoia]| (jjd^j (jllfllia. a 

AjLI Ja^aJl A lailll ^gjj (JLjj) L-l^uuaJ ^jVl Sjjj^aJl <j-<a X A-J^aj <jl L-Ua^ ^buVl ^U3 L-lauuj A^> j-q j 2X2 

.4jjU]| ej^JI Ax + b 

c_fl^>xla ^jua^> (_pi j ^La*j| D^)j^)jJa tilllA cJlgjudall ^Luo^VI ^^gAc- 4 ; ^Jllll ^ J fej^juda U^^L^aJ 

> -1^ju1a]| ^ A_1 A-Ij^a\l 6 ^)jj^qJIj ^ajaLaJI ^-Aj^aj A^ajVlall ClAju^all -(Jal (JjJafll ^Jaxj (_£UI C_J u^)Ul (Jj^a^jl A_ilc. 


^Luavi isiij jbikj 


(JjJaSl ^L^jV ^ju1a]| D^)^j^a ^a j A_aa*Ajalll ^joiaJl ^)^j^a ^ja (_]£ ^ja ^atalA VI JaULj AiLlJa A_}a^^)l^^. ^^ai^jjuaj 
CjUUJI ^c.| j9 .CjUL^I 6^C.li ^gic. Uj^ U’ 4 ^>3 -^134!^ <>Aa £-J jlj] Jj^la ,<>Aa JaULil! CjIc. jaxo (jJJ AluUaa 

CIjIA ^Lud^VU CjULuII ^c-I ^9 — (JHaII (Jjj *■ 11 ^ic. A qVi'Na A ax iila ^aLalAl JaUij ^ jiVi t >1 ^ A1 a*i\l A gVi^ali 

^)x%]l L— ll vW‘^1 (JLoxJjujI ^^)laj laiiJ t^alalAl Jaliij£ Lix-iila ^al ^V1 &1 a (J-^JJ^) ^xa9 (JlaxJjudl ^-^IL a^Axlall 

.Aja^Lgjl ^ x jd^ V t ^a ^)L^a 4 Jaflj tlaJ^)lj 



A_d£^)a]| a^judall l^jja^a ^ja ^alalAVl Jalaj ^^)lj] .70 ^ ajJ 


^lxJa9 ^Jalili£ *lkjl ^9 A ja^jl i (JHaII (JjUjoi .ajj^ll UjU^jS ^aUuAVI Jalaj Ini (jj (_^^)j^)jJall ^j-<4 (_>^ 
(^jUaj ^jl D^)j^)jJa]lj (JJJnjJ ^L<uAV1 A Jog *1 ^jl Ua£ # (j-luilxu^ (j\ 6^)j^)jJa]lj (JjJ^ J 

u! . 


^3 pistil ^gJc. SliLud^]l ^UuaVI 4_i1ac. - ^gic. JUxa 4_i* jjHA ( ® 

^<4 cilliA (JJJ^ <a!>lxil dll j ^)jj^all ^j-<4 (jl ^aUuA VI Jataj ^jL laUujll ^al^paVl 

# Jalaill 'N ^a^iixa 




^JaJ j j c^IUa # 4 _iia^. JJC. JaUj Uj\ VYunj L_ ^ jIulaII L_JJj|]l (Jj^a^jl 

^_ju!a]| j (j-o Jalaj ^ clP^ Ajj^Ij ^Jl jjjud^JI ^a A ^jjc. Ajj^Ij (_^l 

JjjViII i^A (JLq (J£ # ^jud^)^JI L_JJ^)a]| JjjViti Jallill dIa (JILslJ AjJ^^k Ajj^Ij]) AljUaxa (J jLaj j 

L_flla3aj^aVl^ /ux>\I £A j-<^j! AljUa^j q\ 


t-iuili* jj*Jj Jjaaui) 




jj£j IaJux. ^a I aJL^ jla cj^oj 1 a]I w jjx. j ^ j^ull j^i LoL^j Sllax. ^Jl JatiLiil CAZ I jl 

l n j m cJ-t li) . ^ *1^11 ^a j-<u]| s IjL^Ja AJLUoa JuiatJ ^^A t (jl I— 6 (^ Xw ) X ^ ;^JU]| 

^1 J (jjJ^la tilUA # Yl ; oa ^ja jA (Jl^^-Vl I jjujI ^3 >ljia^]l <jli 6fll jl,^L<a (j-<a ^A (J5VI t jlj 6 jl^lLdl 

CljLj!!>l!ill (j>4 jjjr ^ J^x- Jais AjjVIj cp JjjUaJ ClliSkJ ( J^lgIa ^^^Ax. Jatiull c Vn^Tj Jmxlll 

^jl^J ^jJI ^^A SplA£ jj£ VI <JjVl!ill . j-g (jjJ^laJ ^jj <jl 0^4 V jt j3jJJ V I 2 jLiLdVI I^A JIg 

GH :<** jjl ^ 

;4_ixi jjl^kll ^jl jj x jjjjj ^jljj)n^ 
A_ij,Aaa]| A_sJIjl-g]I • 
^■ij^ull Jat&j (jjflallll o 

^ juLgII (J^^. CIjLg^*-^ l^I V O 

A j\* q\l SI^L^Jg]! aJjL^*a (Jj3 ^jjuiLia ^jx. cJ< judj Jlijj o 

<ajVIa]i sGiaJiii • 

A^ju1a]| £a ^-AlAill *l^jl a. ^JjVI 0 jAa^JL £j g ^ A\ CljULnll (J^xjjosj q 

^^Ixill jjjaMI Cli3j jA A_ijtill oj)a^ll a^A Juijj Cl^j o 

AAjli^b j£^J| A^JWuaVI 

1X1 ^^*JI (j-G Ax. j^^jj ^)iiC(jl .Ajla'V JJX. Jalij AjVlj LuUjIujI L_fljX. ^Al jA tLLul 1 *l'nO°l Ia£ L_JJj|)l (Jjji^]l 

ijl.Vl’nn^JI (J^ q*Una\l j-gII .A jAi'S ^)JX. Jallj <xJaixi A^-ja^a (J ? I ^jll^jj Jallill (j-a 

/d^C-HII 6^A )Vl Jl j-<ull Jallill (J£ dlljj|^,j # jbuVI ^ /ll n A-Jak S^C-la LaA Jatail! 6^A ^1 C- 



' \ / 

^ \ / 

* / 

V / 
v 
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t-UjIjl JjJSkJjl 

A^Jal^JI D^l^jl (jA^j S.Vmn^l CjIjjI^VI Ax. ja^v a ^ <^-fl jjoj J^l^j Ax. ja\ a <-k>^ LS^ (jjjWi 

€ C C 

CjjjGI CjIjjI^.J jla 6 ^ jJjuiaII ^ Ajj^Ij 3I A^Jai^JI c_jjj|]I 6^x.li ^ ^ ^j! ^jiajjiil # Ajj^Ij3I 

;A_JU3l ^^a y a Jaiil] 

V — ^(^10 — ^ 00 ) ^ 7(^01 — ^ 00 ) ”*“^00 

: J) V <laaj]l T l rT J JjU' 

T v=4(Te l0 -e (V ) +rj( T^ -T^) +T<? tt) 

6 6 6 

00 5 10, 01 4_jj^1j 3I s^xUll ^ ^ ^41^VI ^ Tv J 


JC-VI) Aj^jaII A^JUlaJI 


ClAjjli^VI (jli ft^JalA A 4 _jj^\j JaULj (_]£J /ft^^lj^ll ^LaIaVI Jalaj L " 4 La ^IjA^j L-J-^l 

c^jI^VI ft 1 a Ji* lp ^IxjVI ^USII l5 jIoiaII c_jjji^ ajj^ISI! 6 1a ajjL^La ^a m-3 l^j^-VI ^1 j-^ll Jallj 

Cl^jli^.1 ^1 ^ a ^c. Ill I CjUj!^ lie. (34^ (jaJ ttilbjVI Jj«^- Jj J gj. AXJjuOA ^ UhqMI i*_J^ 

^ja ftl& iliC«VI ftj-la^ jjUjLJ ^jl # ^i^lj ^IjAj ^ja ^)j£l i A-II a. ls ^) £T^ ^sill iic«j | A^lc. (J jgj^aq^jl 

(5 ^ . 4 

(Jji^ L " 'L ^ ftitc«l (jjij (JfiJjulA (_]£judJ ^tllcLj (jl ^j^AJ CjULnll ftiC.Ui ^ll AIL-sOaII ftiji^Jl ^ILoi!! ^l^AJ (_]£J ^ 4 

A UjV! 


jjJ4*ll| 

ClAjjli^l L-Lul^jj ^juIaII ^3 ^JaLoC-l ft^a-jalA Ajj^Ij J^Ll^j .dj^^lLl ^IajAVI Jallj (jl <-** ' ^ 4i^juoA ^ja ‘^jji-^ Ijjil 
Cllliil^VI ftlA (JA (J£l tilbjVI (Jjia. <^11 ^j!)Ia 1I (J j^.ill j "A *<i ^LjJJjljl ftic.U£ 4_i£/llll ft 1 a IaIj ^1 i^juuJI Jalflj 
^1 jaJI ^iL^al CjI jJ^aVl iic. C-jLud^J J 4till_iA j^-laJ ^111 4^ ft^C-l^JI - CjUj!^j 1I iic. 4^-ll^jl iic.) ^jj lJ^J 
(jl ^ ^ ^ 0^1 tJaS3 W 1 j ^I^aj tilliA (jt£ 111^ ^ojIaII ^3 *A^1 ^\i Ajj^HI AIjI L>^X Ajj^llll — ftiollll j 

iic. ^Ic. UjI£ ^AjJ^yUll - ftiC-ls 4^1 ja^JI^ iSiLiA £JJ til liA <jl£ 111 # ^l ftJl2k,^l Aji^lill — ftiollll ^iL^al 

<jjj l^UiLLujI L_fl^atJj| LjJJjllI (jl .^jaaII ^ jimJl i^.1 jll JjjUaJ Ajj!>111I 11a JL jjgj ^Ic-J ^‘--jl _^aVI (JA 

Aj3 Iaj ^11^ l $ jjjaa V ^ILall Ajj^IUI 111 # ^jaaIIj ^•IjAill (Jjj^lill (jj^j ^^1 (jAajiiil cLjLj!!>111I ©1a 

.^jaaII Ajj^ISII -ftic-Ull ^1 j^j Ujli tAjli^JI 
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Ajjjjjj jiA\ (jiaxj 


^Jj ^^uli *1^1 (j-a A-ilxk ^)JC. Jalaj Aj^Ij \ A_i3 LaJ A_La^^)l^iLl I ^LaJl] 

^t*Jl Cli3j jj£j tcdlH ^3 Jalaill JiJlxJ A. Ujj ~ illj *£ 5 _la^ ^A cAjj^Ij (J£i cdlJjx^Mi A_iLaX. ^jj 

^JaJ ^j£Jj (»lg-jub&]j ^Jl ^ A jfll >>>VI ^LojA Jal^j JlJlC-j tJ^jauxll A_i^jj*<u]| -Latai]) JlJlC. ( ^ic. JUux-a 

.CjLIaxJI (j -<4 ^ Uj 4 ] UJ^ ^ 6 <J J^-Vl I JJUll ^ ^ILull QA ^ 

^ ialij ]<£ tilLlA 111 # ^)f'' < ^' j £^_Jj^I LJJ)^'' 1 * 4 -J-O^ j^JI (jli I ^)J* »«o ^ILoi]! La^lix 

A jrjx^Wj ^lax-oll L-JJ^a^JI jA £ djUi£L^-^jl AjJ^llI ^-Ij^ij ^jLiikl ^a^C. (JL<U^.I (jli 4 fl JaHill jl .^juLgjl 

•aJUII 


P = 


1 


f -1 

\n) 


3 y 


^jix (jla c^A^JI ^ iallj d=k/n Ai^ Jc. ^^Vl ^4]1 tUajjal 111 1 >g .J ^tilll! 

; fl (JC- J' Q,; L * * jA L^lll J A_iMl AJtJj^allj L.J jjui^JI ^-dl (JA J& p<£ ^^-lax^dl t CllL^L^dl 

log g 

log(l-rf 3 )’ 

1-8 J^Vl (Jc-A^LgI^U ^r Vnli ^1 O(n) ‘IiSxjII lia^ Aila n Ajlv\ <^A (jqVi'l A_Aac. <jl i : * n«\ j 

4jj^ 3| (dJC'l^l^ (JjjLujVI 

AijtLdU (jjaxjll a^ >.o» j ^ja A_jj ^)3 AjjujLojVI UJ^ ^'■^ c ' ^A A loVill CjIjjI ^.1 AjJAsdl ^UakVl 

# ^ju!a 3 I Jalaj ^a 

;aJ£J1a 3I oiA ^glc. l jfelN 

i a D,^c.la£ I aJ L_ al^ ^jc. t 6^JI tciiljj^aVl (j a (Jc. J ^vi 6 ^c. 14 ]I ajj^ dijl£ lij 

(jjj dljl£ (^jjl tlaiyi (^ill j A_lj!^j 3I i>jlA (J^J A_i^.U3l ‘(£1 

^jgjuj i^A A_^i^j^a]| aJUJI a A qj\ tn\l lallj ^ ».o» J IAxj j tdlJjj^alill CjUjI^,] 

(ji axJ ^Jl ^ x>*i Vi Ajj^Ij]| — dijl£ I jj (^5^- (3^ ^ n^l AjJAsdl gl li^Vl 1 /anj 66^1^1^ djlLUaxi 

Ld Aili c 6jlJjlj A A^kU^JI djUL^JI (. ju*ij A_i3l£Jl dil jJ^aVl ^glc. 

Ajj^IjII 11 a 6^latJ.uiV A_*^a^)3 U^iic. 

Ljbuj^i) Jalj J-uaaj AJLUoa jU^j! 

Tv V / y ^ 

3 J j=\ jV j ) j = i A_j jJjouJI laliill ^jjudLuj (jjij C_JJ j|]l AljUaxi ^jc. U^L jjg^l 

( v >)y-i j ( ra ^)>. a^A\ ^l 2 <aUJI^ ^\^JL^\Tu=Au+b ^Jji 


S — min ^ I Tu . — v, 

-7- / J | J J 


y=i 


S u ; = 0 • (u ) > 

^Ul! ^glc. J^Vi ^^£3 Vjl V ^ / Ax. jx>-sx>'l (. tc-jl kti*\W lijtti n\ 


& = min > ' \si i 


v , = 


: aJU3! aJ^U^JI lliJ (jjSj 


mm 

AJb 


n\ h - v j l y'\ Au . i + 2 5> • Au , - 2 2/ 1 "/ ■ v j 

.7=1 7 = 1 7=1 7=1 


y. «, = O. 




t [J 1 (_]£-kIo J ^J*aA\ kjija j (jSJaJ Lijl La£ § 7 Q '~' ■ ^ ^ j [} dli^j 


b = — V v . 

n i = 1 iJUll Aijj 4_1 sLliijj I ]} ( _yic. (JJiil] 

: aJU1i Ai^Ji " 4= ( fl 3 (*=Uy=U) a J, 
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g-(^i) = s(«ii> a 12 , a 21 , a 22 ) = £ \ Au j - 2 X Au j • V y 


7=1 


7=1 


mjng( 7 l) = min g{a ll ,a l 2 ,a 2 X ,a 22 ). ^ ^ 

0 = 1 , 2 ; j = 1 , 2 ) : 2 ^ J , ^ ^ ^31 3 ^ j uji ^ 

dg 


da, 


= 0 


' v _ , (*) 

AjujI £A ^_J )^73 AjJa^jl (j-® jA> (*) (jli tl^laAL^-a ^ja Ajarj^^j aJI^ ^A g ^ jl j 

• Jl H 1 1 A ^ja ^jl ''Vo"' . ■■ ^ ^jl V- Z' 4 QjQ^ \1 ^ ol^c-o 

; aJIjII AsujVl n — TilauVI tiili c 1 «>CJ i =1,2J 

Fi =(^t, u‘-(-;)^ 

;A_i]l!i]| ^JaxJa 4_1^1 *_a]] (3k (jl 


(t / 1 Fj(c / 2 t/ 2 )-(c/ 2 -v l )(u' u 2 ) 


(c/’c/j 

(u 2 -v j 

A 

-( 

u'-v){ 

y-*) 

(CA'-F 2 ) 

(£/".£/=; 

)V- y! ) 

1 (u 2 -v>) 

(f/’-t/j 

(c/ 2 -f 2 ’ 

A 

)-({/' -V 2 ) 

(f / 1 u 2 ) 


A = (t/' ■C/ 1 )(L7 2 t/ 2 )-(L7 1 77 2 )(i7 1 £/ j 


\ y&A\ 111 J-^3l -lalkj (jj£j <UL^Jl Jatail! (jxa 6.^1 j Ag.jxi^sxi ^Ac- 6Aki*_xi A (jl (_£^)3 (jl l£j£jaJ j 

# l_ll}]| ^ j,wll (3^jl ^JasUjuj j-ai]| (jxa (_^l (jl 




Jalaj - ^ \a\W A g ^^3 <■ qV^<aJl (J ^3qjl ^)3aj| ^ ^Ljasll ^^3 liiL^Lalj Ia^)Jj3j ^1 A_a3l - (^^jui^JI A^_aJI 

'A^j^Ia ^L<uaV1 
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Ajudij £*3 - ^g-LaJl Ag y\\ tAjjudLall JaUj Cj!^J QA Cjjjsll (Jjj^jJl ^ )\ xU^J £CjU3l (3^1 jlill - (_£jjalJ! Ag 's'l <^3 

^-3 ^£1 ^31 J-jjVlL l^3l*Jjail ^xi Jallj IQ is^ At)^* 1 '^'p L_10)£(JI £^>^3' (JjJa3l (jUixIviuJj 

^(_^jjaaJl *Qj l> '°" 


^Lua^-k 

;^Jl!i]l^ O' &-Oj' j4)' 6 ^A 


^LojA^H Jallj dale. ^Lud^Vl ^3 Laj i^JuLi 

— <LlOIj]! 63^3 li±]a ^3 j-oil! Jallj (J^ CjUjI^,! L_Lud^j ^3 j-ai3l Jalaj o^ A jli'N ^JJC. Ajj^Ij (_pl 

33c. 6^-3 33c. ^ (3 (jc- CjLg ^3*_a3I 03^ l£^' J j3aJl (Jj CjIjj| 3^.V1 63A 631c. I j 63c. tail 

.qpi3^j (3i3 ^3j (sj&ta! - a_£^I 

L_Lud^jj 6 3c. I 4 J I - Ajj^ljliil A_iJa^ ^ix3l Jalliil Ajj^Ij 3I tl^UuAl Jataj ^_j%) 6 3 £juLqJ o^jj^a Uj33 

33c. ^ £■! j jVl ^lU^al Cjjj^t) d^j|3^.Vl 63A O* (J^3 .63c.tall ©3A ^3 (_£^kVl -^-^3' CjLj| 3^J 
3^1^431 £■ jjJI '^' A33j^all djl jj^al >i ^1 ^1 jjVl 3^0 j 6 ^&3c. lall - Aj!DIj3I 33c. 

^3 0 ] .3^uj| ^3 A-M 3ox>\l Ajj^Ij 3I Aj3c.Uij A^.3 j-gj <j' 6L - J ' jJ^Vl U^ 33c. cr^ 

Aj 55133I -63c. U3I 3jA^J 

3^ju1a 3I Jataj j ^*3 j-<u3l Jataj (OP A-^ I^aW (jjuud^j 6A3 jLuo3 I 6j)n j s\l (j^ — 63C.13 j ^juj^g ^3 ja j (J^3 

# a1j1 3ox>\I dale. jx>^nx>\I 63^J CjIsu^a 3I (Jal 6^)La^ (JjJa3l ^Jaxj (^331 C_y^)a3l ^ J ^A_aj2>Ia3I 

Oj^aj 3 j3^>13 3 ^xj Ujli 13^. j;^ CjIxjj^JI JSI o^ '^j 






£> jlA lil t ^I ajLuj 4x- J al&j ja£3 (jail! ^)±1* 3 Cll3 ^]| 1 JlA ^3^ ^ *\ a \\ \ (J ij-v *\\ ^ 

3 A^jlj 1 *< M Q 4 \\ t jj A^jjj A J^ \ Q ^ | 



.74 <4j 

AjLuoil t**iVi JjUaIH 

U«otl a\I - Hi ^lc« (JHa J (j-o (J4) jJj^Ml AJ! ^)laj AjjI^) (jj^ bdAjc. aJUJI 

<jl i : * n^ji — -IaIxIa AjI AjLajII ^ajU^k # jjjsu <_£l *■ V i* ij'N - Ljjjjall A_LaLiJl A_IL^JI j& ;AjUjj3I j 

^AjliVU UUin^j L_fl^xJ AjUyi A_kyi j) ^IsuVl ^USII iS C5 JaxJ ^^jll 6^C.l|j! <jV AjliS <jl jilsu (jUiakj 

(Jj3 ^JA A_1J,A1a]| A -sll » aL (J^ai^A U& .^l’q»Ml j^JA V^j J^)V U 1 g xl q *1 A_lA^^)| t>3l 

.ikJaU^L ^ jjjaM' IjjojVI aJL^JIj 

L£JI gjjjUa^ 

:l5 JU11j Jn^Jl 4 qj! AjIac- c. <a >, A'\\ 















j)£jLj L -o£ A j)-<a l^'^V'nul ^)j£VI S^IaI! 4_j^ 1 Ja^jl J-la. ^ ^ >■ ^ (jj^ ^ L5^ -^al^l l^j] • 

j^iLaj (jl l£j£joj A-ilc- j lIjUjJjoia]! J-1xSa]| ^Lu^3U JiaLuLg - ;dili z. (Jllxij i^j^ja ls^ ^3"^ (j^ 

< Jaj)}n^\i ^Jl A JjouIIj aJjLo-o djUlj^j 

$.LjaJ&]! ^3 jn»'^ J j> j£JxJ Jaj)]^\]l jjl dna. j (Ja^la^JI LS^. G^dl^o AJaklll 4AjUa-o CjLu^j (J£ • 

.^lull 

djbjIdJ 4_1 .IxL (3^ (j! Lo£ tc_JJj3 £.Lja3 S^C-ts jiixJ i$ jl jda 0j j lg-J (Jj 31 <^11 -ia • 

/aJlC-lUl oJlA 

.^A Lo£ AajUxaIIj <j^alaJI *£]jL<ia]| dj!^!^2k.V! laJjJallj j) aJ 4_ilc. • 

.^UjIaaII diiixJ JaaJI ^JaS (J^ixJjaij j)’ l^j£joJ Lo£ • 

jl Jalaill (j-o 4_JJ^^I ^ja 4-jl3 (J^judJ ^3^ (j^ U^H 4_jlg_i]| -laliij dljl^ lil • 

,Af\ >>)j A-lo^j <*Ja3 .la.lj (jl 1 n^xM -lajla^lj 

Jalajj A lla'vll Jalaill ^Jj A lla'vll Jalaj(JI ^ja (_]£ plil] C_JJ^)ii]| jjl d lia. — ^lA dlixlill (jiadi^j j)] • 

.laaJI j A InVlll djLojlx^o 0-oJu jJaj Jl3 (j^j ilaaJI (jjo^j ^Jalsj Jal^j ^Jl laaJl ^Jal^j 

(jl (j£joJ (jLdll (jla 6C_JJj|]l S^C-U^ 4 _}j!>Ij A . Jakj (3 -A*JjujJ 4_Lojjl ^Jl ddl£ lil C(J11 a 3I (JdfjuJ ^C- 

# 03l ;djV^l*--<JI cJaaJI ^ic. tdajl j£l ^LuAj Jataj CIjLjI^.1 ^Jc. Ja^S (JjjJ 

Aa-u^aail 0 jUU]| 

Jalij U^jc. juLa]| ^ # ^ J 1 I t^>ji 1 — iIlq (^ 5 -^! ^ jda 

Jataj V -laliill 6^A t jixu joaJl j)-«a (J^ 0jJajdi j 3^1^)^ L , '.{'Ji"'' 6^lc-l (Jj3 ^ja C5^^J ^ ^1 ^LoIIa] 

^ ^aLdAVI Jal^j 3 ] . 4 q|jr a A jL-oVI ^UuAVI -lal^j jpa 3 ^ L " t A-ll^aVl 0^L<u]| ^LoIaI 

(j-o <Jakj 21 J Ailid JJC. lalaj <^A ^ ’ix> 16 c>% .28 is& (^lljll ^juj^)1I^ ^juLoII 

(^Wl J^l) J^Vl 0ij^l 




<j£^a]| kI,\a \ I 6^)jj^-a ^LoHaVI Jallj .75 





(JjJaaV (3^3 .^jauJl Aial^all S^Ul! CjUj!^ (3^ 4_La jjl jk. .liili 

^3 djjjjk-aVl S^C-JLa JalEj£ 4_L3^l!il! al 6 ( 31 *J 3^^ Jalaiil 3^C- (jj .AibtJa-a ^O^aj x ^a^Vl 

CliMil ^ j^*JI ^ Uj Umj CjI ^ j^aVl a^A ^gic. c^jj^k ^31 4 CjLjj!/Ij 1I ^Ull ^ ^ laxl JjVl ^ j-a*J) 

.(S^aau^a IglLaljl (j-a a 31 LlA_i£/lIill 


.7 fSj Jj^' 



S^&1£3| CjIjj^j 

CjI j-^VI 

0 

0 

14+ 

4 

4 

13 

10 

11 

12 

8 

12 

11 

12 

29 

10 

22 

56 

9 

38 

145 

8 

62 

287 

7 

151 

805 

6 


Cilia , j /6^^a-4]l d) Jj^a 13 (J-? Jc-Vl .1^)1 jH Ujli 6 ^_jouJI ^3 j-a^]l .I^j (j-a 16 3.Hc. gj) LaJ 

S^aiala jicjl CjLi£\j 3I 4 djJjj^jj! A yfu (jjoij ^3-nejIn 6^Jala jicjl 4 j!£Ij]| 6 31 4 ^3al^]l Cj 3 (3^ (jl 

li}3 tJliLall Jlljua to^JalaJI CjLi£\j 3I £-a (3*1*1} <jaj <^131 4_iajjljkJl ^ > CjUj1 v^i^VI ^ dj jLiad 

# d)!jj^aVl <j-a ^glc-Vl ^LaJkLa l^C.11 CjUj!^j 24=6*4 
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^1 jAjll djLLj S^C-IS <^31 V ^lllj ^Ldal £A (JjLa3I 4J^Ja 3I Adjjll .^£jAA 


CiUtilLuiYI 

jLoxlLkiJj . JalSill 3 a g^jlJa ^31 ^i1c.ja-va1 I aljl^Aj 4 Wq i\i l** '1 r-jA\ y ^»La^VI (Jy ^glc. adJJjAA Aijjjla3l alA 3 ] 
^AjjojLujVl-^ata^j^ ) -3ataj3l i^ja a yix >■ ^ Ajjji-j Ac j^a'v^a Jja 3 ^ JIaJ ^jl 3^H alA Jali^jl dale. j^a'v^a ^jli 4_jjajd^Jl ^jja3l 
CaLIaC. d 3 jljVI AajLj dfcLLJ A-iald (jjllaaj 3 -0 a^c-l|JI .^ILajil JajlJjaa 3I Jjjdi3l ^glc. a.^C.la3l ^ Adixj 

A aIax 31 3 ] < A j^^JdLall ylai3l A ^ y j3 4JJja3l Jj^ 4] A^^ Jallj Aj^L 3 ^ a^C-l|jl # ^jjjLiL^JI jjjxjj 4±^ja 3I j u'jj^' 

.SjjaIja jjjl3I AjjAia]| AjJI^a3I CaLIaC. Juijj 3 ^ q\a } j tdjiixjl yJaAdj LaA - t flljJC'Vlj ^_gll A xutiVixi 

yUa^jt 

djljjld^l # *yj x *a3l 3^ | Aj3c. J jj^sl^JI 3*^ yjj^jULail Aii^ is^ jdail jjjlj (Jjidj AjL t fl^lxJ JadJl (Jjldi 

J djljjld^3U Ac. jj1a3I 3 II 3 Had3l (jdLXJ (jj^J IS dlliA a-tda jdall J j^. jJ .yjjjjjAjll A_Aja L^illiJ ^ jll dll jj^JI 
£a (JaljJA yy* ♦ -J (JAjJ) ^ll Jjd^ (_£da 4 a)ja^. .3Lj) ^ ^ (Jjd^. (j a Ad3ald. 3^ld (J ^gJl (_£dj}J d3 IIa 
J dSl ^iL^al djIjjAaVI 3^ ^LL 3 ^ 3^Ua 3I alA Ja ^gil (JjA-a j3L ^IdajjJajl J j^jJ a^Jjj^3l dj iljjAil djljjld^l 

S jfijl I J-alC' 

4^-IjaJI^ a^dy-ail ^1 jj^-3 dljl^JI 3* aUax4jl 3^^^^ (_£da ^Jl (Jjj^ajJJ A^L^Jl 3 ^ 

*^Jlc. j^iaJ AjjoiJ ^ic. (Jj^a^J Iajj ^ad^l^]! ja^JI ^ IgJaldJl ^1 jjVl djJjj^alill ^3 ^jIAaI! j ^a^C.l|]l 

3dkj 3 ^ ailaC. ^aJI JlC-l jill AllaldJI djlLl Jo^ll ^ic. (J Ajjldo] ^ic. ydllSI IjiA 3 .]^^ ^ .131 jjuoC. 

^ill j 3^^031 (J jd^. ^a 3 ^ a 3 dA 3 l 3^C. 3 ] .* 6 lJax 4 jl ayjjL^jl 4 JoVil Ajjjoi^a 3I ^a^C-la 4 ^ 3 A Cjaijq 

ayS jll (JaIc. .ayS ^31 (JaIx£ L_fly*Ji ^lj4jl a-Lda ijdgjl ^ 3 jaj 3 ^ 3 a 3^ J ^Uax ^Jl d^jld^Vl ^a aLaja y na>*i 

JU3I jj^ka^JI ^jAy^jl 3^]! (jLd ^.1 j Aa3jdA3l dj^LjjVllI dlda 4 3akl3l AljlJaA aJL^J 

# ldaj| 3 a 3 ^ i 1 AiLaJl 3 I 3-a£ u>i‘i 

AdJal^Jl CjHjUoa 3| A^jldWj 


.^3lc. 4 ^ jjJoJ 4_ijaij ^gJc. (Jj^dj la ^jJI (J jkll iajA jlftll IdJl 3 ^^ 3 ? 3^4^ ^ 1 >J djjjv^illl a 1 ^.ja a^li£ 

^ Jjll )1 a (J jj^a^. Aj J di^kj L_flyxj 31 llilc. j ^aJlc-Uj J-^) J J ^ C> ^ jj J X S^Sua 4 ^ j^i Aiic. ^ loci 

3 ^MI (J^-^ 3 ® ^3 3 ^ 3 ^ Al3ald3l (J ^3q^]l alA (Jja 3 ^ 3^ .X djjjj^ali3l Ajjaj 3 ^ 3 ^^ LS^ 3^ IJ> -3' 

(J jd^. 3 3JaUA3l 3 ^ (Ja 3 ^ 3 ^ 3 ^ .A j iqMl 6>^-3 aydljA A-ijLud^Jl aa-li£JI 3 J^ ^ 3 ^^ 3 ^ 4A_i3l!i3l 

^A AalldJl ^c.| jl3l 3 Jalliil dj\jjld^,l 3 ^ . dsjjj^aliil ^13^] (3 <^5^3 AjjLoia A^Jl di^l AS 3 ^ 3 ^^^ 

A U) k n j AajLudil A-jjJajiil 3 ^ J t 3a J > n J 34 ^ ^A^jj3 4^1 3^ 4AjuIj 

3a Ajjaij ^glc.1 ^lc« (Jj^adiA a^Au4jl AjjI jjuo^JI a^C.I4Jl 3^A A_jjL<d^VI ^A La * jA liA Ajaiij ^ylaJ ^lil (Jljxu3l 
^A jxi ^ILdJI 3 ^ - M J ^a^l^JI jA ]^ 3 ^ 3 ^ 3 ^dj 3^ 4(JI3 a3I 11a ^Ic. 4 JI jaJl Vdji jA*aV! 
Ajjc. A -sjTi A 1 jdUJI ^-1 ja^JI Cj! jj-a — (X rajjjAall 3 CjIjj-^I 3 b II 6 ijaJJI 3 L - J ^ 

aJlola 3 ^1^1 J ^*1 jaj ld,a3 3 ^ 3 dj^j La£ # CllJjj^aIjJI aja j (JaIc. jA — I 3 • Q 4 jJ? (J jA -N *(J 3 ^^ 

.AjtSI jll CjLjId^VI 31 3 c. ^glc. aJUI ^c .1 jail 3 c. CjIa j 1 *aJI C 5 1 c. 3 3 ^ o4J3^3l l 5 cJ^-^ 3 ^ j ^djLUJI 
cAjjLlLa 3b n - k l£ 3^^ dj| 3 ja 3I djl_iiljL^.I 3U tajjj^ll 3 djIjAeJI ^1^23 3^ k j. 1 ^* ^ 

. 343 uu 3 I 3 3 &nlu AaJai^j dj jj>-g£ (J^ j 

4 nueCi n - k l£ 3^^ ajjjAall djlj^ dj\jjld^.l 3!^ tajjj^ll 3 ajjaLaVI djlj^ail 3-® k ^ 3 -^dic. 

13 ^ (j\ J . 1 } Ia J^a J ajlia (Ljjaj) A_J| J jil ^ali yjjjjjadl 3 jd^. 33-3 td^jId^VI oIa (Jja 3a J£ 3 J tldajl 
l^J a^c.la Ja 3^ yL 3 3 & 3 ^ 6 djlsujAil 3a N ^dxJI jl J jd^JI ^1 J jdJI 3* m - k 3^ a^c.la 



L-U (jp b 3 (jLoi^VI . *li^j (Jjj^sj Ia Jl$ ^ j p N jLal*.! 

(Jj3 qa Jj^I Clll jj^aVl .(bp~ bjjSJ (_£ jIjoiJ Igjli ojj* >^\1 p ^j£3) ^ ^ (^ &) ;4_JUll AJuj^IIj 

Pb (1 ^i^VI £>4 ^USII ^jjjjII (jLoxlLiJj < 1 1 44 ^ (jl (j^4 1 (J^-aj n - k ^ <^fl B S-ic.'D' 

;4_JU1! AjUu. .alt ‘ - <■■'■> ^giaaj (Xm ** ,'""* " jjlaJJ V c£^lt (JLoJa.^1 . "®( W Pb ) ;<j]U]| A xm .all 


m-k 


l *( isyczm ) = 


ir] 


Pt (1 — Pb > 


rt - k—j 


:u'^' £ja (jjij|ni.1a'l £J J) jiillj Jja. (J£ iIjjSj JjAaJI ^jl_ull £J j jlill » jjj£ XL- kj &-tx. t-^. Jji-L^a P[~) (jl (Jlila. 

: Jj?- J^A 1 't j jk P(V>am) u' . A.=(n-k)Pb 

j-arn •} J 

Pb = ^ F>{is = j )=\- e ~* X — 

j')€zm J=0 J 

JajujjlL<i]| ^.IxJIj (jjp^ a <jpJ iciilll t <ppjua 4ihl 0^11^4 (jj5dl Sj^lj 4 m <c> (3 UUaC.1 Pb L-jt »n*\ 

<Ll JalLo (jj^J (jl 0^4 (£^JI j-aill ^c.| j3 i^C. ^A nb (jl CjlLUa^ ^ jJLa (jj^Jp (£4)1 -^C-l jill 

_ 2 

Jji (j-c 4ij*j4 oJlC-li j5 (jl C-Lp. W 5 ~ W (jU J jill 1 v& AJ Pjjj^all ^^iaC.^31 ]^ JlC.1 jill Ji^C. J] 4AlAiJ 

X (jli .Cllljj^aVI <jp am (j* ^4^1 ^Ac. (j^a^. (_£,A]| ^cAj^l (j^5d X (jl . ^Aj-alll Aatsu (jp 

. ^ = N bPb - ;jA 2J jjLJI icljal! ^ jlill (jli cllSiJ 5 (”^’ Pb ) (^2ii 

6^)jjL-qJI ^C-l j3 ^-<4 ^ (J^juIj ^3^ /Qj^'I (_5^ *0^^^ (j-<4 -l^lj ^^C(J 6 jic> I 1 - A JOL^JI 

^CjUUJI oJlC-li M Sjfl^Jl]^ 


.dlljj^aVl (jp m 0.6 jl J^-V Jl^i^VI 


.8 Jj^l 


M 

m 

n 

b 

Pb 

V - 

l 

10 

50 

12.00 

0.00000480 

0.00048044 

1 

10 

100 

12.00 

0.00040123 

0.04012290 

1 

10 

200 

12.00 

0.01794454 

1.79445437 

1 

20 

50 

12.00 

0.00000000 

0.00000165 

1 

20 

100 

12.00 

0.00001138 

0.00455327 

10 

20 

100 

12.00 

0.00001138 

0.04553265 

30 

20 

100 

1100 

0.00001138 

0.13659795 

1 

20 

200 

12.00 

0.00734770 

2.93907903 


(j^ 1 0.6 III ^ l^al ^11 f A_nl ^C-l jllI jll A-illdAll AilLdVl (jl (j^^ S^Uai*]! 

# l,ip >/i ^l^c-Vl 6 1 a (jL c5ji) (jl (7,200 ^l-^l ^k (_3 j^I h^i\\ (j^l «^«^*-SI^ .^— jI j^-aVI 

ljLjIA^VI Uak jjJSj 


dlaj Utini (jl (j^>4 ^il-^l (j4 (J^J^ 6 4-^J^I <Jl ^IsuVI AjjUj j;!!^ <iLal>4 Uj^l <jU 

jb ^a ( 4 j \\ ixl1I 4 » xl\I^ ^l^c-VI 6 jJa's (jli c( CAD Cy* ^ £• (JI2x4 4_i!liL<4 l_a j^>2a 

(jpj # jlsuV! 4 -JjUj djl^p. jkAJ JiUj j (jjAij ^IaAVI Jal^j 6^)jj^-qJI CjIjjI^. 1 (jli 6L_fll^)JC.VI OjJa^. ^i jjJa 
CjUjI^VI jl M. ^^lil^yi 4Juj^all (JaxJj^ yj (j^J . ^IsuVI ^gjLlillg.1 jJagjlj 4_p j-^l I^A ^)Lp^jl k_fl^)xi 


L_jLuia m( ^ liar ^11 ^Lx_a11 ^3 £ L-lic-Vl ^ic' Uaa ^SslI Sjjj^all A-Lqj (JjjJjILg (jL (j^a^)j3(j] . (M 

u^hl*-* qa ^JaaJ! ^UaJI <3a£ J (j^4 (a ,b,c ) Lujlll d=(dl,d2) ^L^aVI 5^ cjUSI^I 

l^qV^ ^ j-o La Ai ^j>4 jjbj^jpJl (jli 6 l_jjj|]I s^c-li AjjjL ^a a U^ bl .d=Ax (jd > * cjb 

CDjjj^all ClAjjl^la.1 A llLLa Cljlga j-dl a^A .d=d~a ^>*J! A^ ^-dlj c^l Jjll ^gJc. £-£ J a-b ^LuAVI Jalij 6^C.lal 

.(a ,b,c) 4-yjdl 6^c.li CjLjI^I d A-Liill (JA^ ^ laxj x 3^11 a^ L oiu 
: JU3! ^JaiJl e Lk^l <3a£ ^L-al <jt ^ Ul^" ‘u4-^a *UaaVl kL 
{A-\- 3A^(^x-\- <51xt) — d -\- Sd 

S3 jjaj cl Vi In Vi (JjjjjILq Ajt-niaJ # ^1 Jjll ^gJc. dj X <*-il£-aj^jlj A Aijik^aAl $.Uaal ^^A d8 J 8x 6 8A Alia 
* £ ^jjjLiLq Uaa ClllaC-l ^jll till} j)-<a (Jsl ^A §d Aa^Ulj 8 A Ai^j^a^dl (_)al.X<4 jpi A-jilaAl ^Atll j)L ^}ia^)ji3 


w 

INI 


<fc(^ 4 ) 


M + M 

HI Ml. 


+ °M 


^L*--U j Aa^-a ^L*_xi iS^ a^-C-l Si jL.ua] I ^3C- (U-aaJ # A Ai ijflj^aAl Jaj^jai ^A *H) = WMf o' 
(jjjbiLa f-1 1 >> ji>> J jj£jb (_£,Ul ^Ac-Vl ^JjuAI Uaall jjj-oaj £jlc<l SljLuiUl ^3c> ^ lad J # aJ ^jjLUl AijiuAl 

(3^ X (jl jjJall aJA (jAju L-Ljjj^aUl s-ljal c (jli tillil cx (jl jAJ 4 (J^jUull (Jj*la CjIjjI^. 1 ^gjj Sjjj^all 
^ia x «all ^bj-aUl S^c-L ^Ib^al Cljljj^aVl (jL (j ^ » >>J La .C-pjj^aUl til^)liaLj x _j!_^ §X ^ itxj^dl 

i^jl jjc. (J£i A^j^Lq L— jJj)x^)*i(Jl ^j^Llx^a ^jl C_ua> # ojlo JLujI JljJla. ^jJajj cLiIaC. ^Lja^jJall oA ^puJa o^ilia C^jjA 
^Asdl CjI jj^aVl (j-a 33c> (JS1 cs^ <-J jj^aAl Aajajua o^C-ls - Ajj^Ij £3 jlj V ^j 3 (jl 

(J jj^aAl A_ij| jjuoC^JI AnKJ J|j Ui cilliA JalAl J^jUa-dl 

(jl (j-<i # A_La^)l j J^qVl (j c. f ^iaLiJ| f I A (JA # Cljljjk^aVl 

(Jl Ai^kj ^jl ^Ljaj! Ulj Li Ljla c AllaA J Aj J jJaa> gj ^jjq/tn^uu ^jjajuj^dl 

, Sl£l ^x>\l 0jlA ^)laj| C^lXj^a ^A ^IjJ^a 1 (Jj^a^ ^j| jjuo£^jl L_LJJj£jl 


AA^UJdl 


Cjjjj^AI ; ^jjlilUll ^gic. .Vfuti^ A jkti.Vig 11 tilLjVl A_uflj ^ jjj/illl AjLjm L)j 

LiA^l£ (_]a ;liA Ajudij ^^laJ (Jl^judll j j 

\aa3 aJAVI ^(j^gJaA Q}“^ UJ 1 ^ S^Jau^all (J ^ J (jl -2aa3 Ajuoiij L—Ljjv^iMl ^l^^V (j^^ (J^ 

A-*jl v^ill A^^aJl A_1A Jais A jVqg^l (jl (j^J ^Lijjik^iMl s-l^)^-! (jL ^liij c Ia ^jl n^l i 

JALLdl ^ Jipk ^]1 ^.l^^Vl (jj^J (jl (j^J V ^A .AjLAII (Jj^aj diaj 6 ^*_a] 1 ^isdl JA LL.aH j ^L_iajaj j (jl^)j^ 


u^ll JjjVill £a &M* xill 

^^A dlijj^alill Ala.^)>4 ?6 ^juj^a]1 (J ^ 1^31 ls^ (jsajll Ala.^)>i (_3f2aJ V LLdj ?o, jq^ dljjv^iMl A_la.^<i (^A 

(jq^Ml (jAaj (Jj 3 ‘^JalaJl b ^juj^aII (J^jqdl (jxi A_lg£ (jl c . '>J All j 1 Ll^)a.l Ja^S 

11a ^ Ti>cj dia j j tdia jjl (j^ jA^l <^'VLi j S^lc. jA (jjjli j-$Jl ^l^a.! # ^jujL^ll 

£a gj^la^lL C-Ljjx^iMl Ala.^)>i jj^i (jj^JaJ (jjAl (jjjJaLqdl (jj^ Ajjoij (j^aaAj (jl l^j jpj c!^£a j ^l^)a,Vl 

(Sjlilall) ^jjuj^jll (J-dlc« Ajjaiill 6^A t ^juoLaII (jq^ML ^j^v^qj (jl L_±aJ (_5>dl b ^juj^aII (J jL%JJ ^.Asdl 


.Cljjv^Ml A_ia.^^j 

C> j djl jj^al ^1 C. (Jj^a^lLaj AllaLqdl j-<^jl ^C-1^3 (jLua,Vl (_5 jL*aJ dljjv^iMl A_la.^)xi (jxi ^Jjuj^lll (J-atc« 

l^la, ^lA ^A A 11 tilL^Vl A_uflj ^3 dsjjA^jjl A_la.^)-^J (j^a-^jl ^Jjujj^] 1 (J-olc- (jl 0JLH1 ^daj A n» 11 A-C. ja~\a (jxi 

(jl^3 AjI c‘* cUaqdl djVl-^ 1 jjuj! (jia^jsl UaaJl (Jjl^’i (jL Jaa.^j ^Ajjjtx-a ^jJ^Vl L-lJ^)dl (Jj^a^jjl A_llaJ 
^3 Ajj (jl (jAxiJ c^(J»1*_a] 1 jl Jajuj jlfijl Alla. - 11L (JlLi L_alia^dl Uaall (JLixJjujL # ^iaj^a (Ja (_£ 1 

•^JLll ^LiLoaVl ^Uac.1 (jAxij aJc. ,Aaj Jal ^.^^jill <j^axj (jj^j l^1jjc.V 1 (jl (j* ^c- jlL cdia jll jjs jli AjLc. 

^ jjjAill A_iLiC.^ji*j (j* j;iA cJl^ dijjvAill c-l^al (jji 1*1*1 


((Jjjjuj!) Ax! j3 Allij AJjIaaI! (_£Ca 1I AjUUj (JA ^IxjVI A-U^ ^aLud^Vl ^glc. jjAAll! AjUx AHA (j^AJ 

4 *\\ AjI^Li^J! <JajCLaj i cIxjV! AAlAii £y* ajjjjol^ ^ixl! cIxjV! A-i£/liil! ^Lol^VI J)jj ** .Ai^/Hil! 

•<M\ 


4 K J'saW jli ^ jjAJ^ Gj^” ^ fiAA (JA (J^ fij^tllx^aj A_lj! jlLuj! * .nlxl L-bol^ ^OjAd]! ^\ ttf> l L_JJ^)£j 

S^AxjaII ^Lud^.'i! 1 i^ji-^-\ AjujjIAa jjliuj Aijj^)ia]l oAA # Aj^AoiaII ^txjVi A-A^ldl! ^aLuo^Vi J)_liAa] (J i^rajj 

.(J^jaI! l_jj^$^]I ^jjAj SAAsAaI! ^Lol^VI ^ic' (3f2aj All a] 

^aIIj cJais Jjj^All AjLuaJ £a gA_^! jj ^jraj ^£A1I ^)Iaj al_^j! ^JaC. ^ m AjlAtaAl ^Jj £.1 jJaall ^aJjuoflj 

^A^jaLi^JI ^lail! AjUUA! (Ja (J^jaj <jl i - ia>J Alii] . AjjatAll ^j^qA 

^)JC. JaHj Aju^jI ^aIxjVI AjjUSII j aIxjVI ^J^lfill ^"A jaAII (j4J 4 q 4 lalLaH £J jf)f\ Jalaill (jc. Alk^j! 

/SAxUl! aAA ^ ^ADIjjIa^I 1 (J5aJ ^jl (j^AJ <_£ J^-Vl jaII! JaUj # cIxjV! Ajj!^! SAc.l|jl L_fljxli AjjIaa 
Ax^a^A-J ^Ja^J! (JjjaIiII IaAjX (j^fLjjaj JaHj ^jli C^Jail! (Jj^^jj L_JJ^)§j! L-SJ^^JI 

Ja£3 j aLxjVI ^LljLlill SAxl^j! L_L2^)3 j^»*^ Ax^a2^a 1! aAA ^jIj t AHaI <- lA-v^j * A-Ll jalLa]! JaHj Ajlj^jV! 

# Aj^) 3 (jAil (JjjaIiII jli AHaI ^4 ilaatj Ax^a^a ^A 




]A_lHAll Cl 'V! ^ aII ^3 ( 3 flaJ (j! IajaII Ia^J (J^aj * 4 Wq i\i j Ja^JI CIjIa^Ixa c Llllj ^ic. AILol^JI JjUaII 

AjjIjII L-JJjill ^hJlA AljUaA • 

(JaI JC. Cj! 3 ^ilAJ (JaxIuA ^j 3! ^Lal^.Vl Jc. L_A^)*j3I • 

CjIaII nortVt 

Jatail! aJjUaII AljUaJ ^]| dllc. ja^aII j A JoVill (AjIc-ja^aj ^ \ xn^Vi (JjIaj oAiLuoa oAA ^jjaIiII AAJ^)Ja <j] 

Jal^jj]! ^ Jallill ^ja >/i Aj^jIj Ax. ja^a (Jj3 ^ja (JIaJ ^jl (J^aJ oAA Jal^jl dilc. ja^a ^jli AjjujAi^Jl (jjjWlj 

^IsuVI Ajj^j aaUa^J J AjsI^ (jjlLkj (jA 0 AC.I 4 JI ^iUull ^gic. ^gJc. Sac.U 1 ! aaIsu ^AjaLaV! 

^)Iai3! A^_^. jl L-JJjal! Jjj^lil Ajfll£ JaHj Cj!^j ^ja SAc-l^j! .(Jjj UL a (J! JJ4SU J L-l^judl! J (j! J jAI! AjUc. Alaj 

J jIaxVI - (jjM^^jA ^1! AajuHja AjIasJI (j! ^A-j^jlo 




c j£aj !a£ ^a H^>a # J a!AjVi ^)^tS u' (s& ^!-*-H S^jjIaI! Aj! ^joil! c5A^.j 


^jU (jjjAjla! 1 a£ j! 


ilAsti! oA^J A-J^)A ^^*11 A xAilall IaAa QjSkliJ ^)x^->! \* !l ^!Joj 4j| 

.4>VI c > uj^ 1 cJ^J! 


iil jXq JJ*J| 


J*iill (^JaljA ^LuHjV! j ^Us^jl (Jac. ^jjo£ju c ^11 jli ijjA^A aI^jAa ^)4*-l! aJU. 

JjUMl j ^a! X u‘q 1 V I L_J ^Ijuj! (j\ ^alaJ! ^A A^^)1 ijua]| A Ja j^jjulllj Aiju^ajA (j^ 

Ilia J*A ^gJc. AAixj V AjUj£a1! 

;IjLaH3! 

^Jj (JHaVI /fjcl Ajj (_^^j^ail! ^a! 1^ ill ^ \f^ Ai^)*A ^a ^ic. aa1*a 1! jn^Ml !aa ULjaal! ^a! ^ja 

^rVnkli 1 ^ajuda^j! (JA ^IsuV! Ajj^IjII (j! I \f\ j ?(_^^j^ail! ^aUaillj ^ Jal nc j (J^juIj cJa j 

^jc. ^IIuaI! jlsuV! ^Uiill JalijoaV! 


JsLajVI jjjajj ^JjJajAl! ^Sl\ 



^£Jl^3 ^aJJj .(jjjalall ^>l£Jl (j-a jldj (jl (jSJaJ ^}\ djLJ£JI CCc. L <j\u^-»Vl CCc. (JjoSUj 
a! (J£ (44 ^A VI 4jlUI (JHaII (Jjjjuj Cr^) ^x-aLixll S^-ix a * all 4-C> j^^ll tdjLodj^jl -4 _i*jjLujV1 

> 4_jjouj^) 1I dale, jxi'nxi (jx* 4 Andll o jfi\\ (jldl (jxa A iq'N 

(jj^a JI^aI) - ^Lu^VI (J& <-i jauJ I 

tdjljj jJojujI j A I^TvlJ) J A v W ^(Jl ~Xc, (J£dj t 4 jaJjoull 4 imVig \l dAjj^xhll (jxi JaJjudJ JCO ^A LlA 4 _}juAjujV 1 ^A-alixJl 

(die. £ja A-Lod^ll W 11 I ^aJJ .3L^jl ^aLallll (j^laldi Sclc. ^al judj VI (jjfLj ( .^cil cJaJ^Ldxa 6(Jl£ 

ailA # ( .^cil ^Jal^jjl (JjlLd S^dlj^ajl ^ cIxjVI *CljLli]| ^^-s^jl ^3 djlil^Jl ^ja Aac. _j£jl (J^»^ k ^*\J' dlli 

£A m <aU. (3^ (Jc. Jalaj Ait daJ (j-Q Ja33 jj£j (jl (j^4j J^l ^ Cl il jjj»Ml ^^Ic. 4dlj djULail A m a\\ C1jL£Aa3I 

(JjlgJl CdtJl ^ja 4 Audlll S^^l (jldl tClddVl 4 ^ -vj ^3 dAi^lldVl JldaJ ^lo S^dll 

.dale. 

^4 ^ i il'N. J^l JSli (Jjll. *L^a.VI 

djUU£]| ^Jl £ ^dj-dll ~ j ^ ^ «aJ (jl t(<x3jdi *4jj3*d (Jl ^ tn^Vl L 3-ld*ad 4 Jaklll ajlA (j^addli (j£-oJ 

(_]£jdj jddj JaJjudJ ^ t L^aj l^J.1] O^ cJ - ® ^}jl J £-La (3-^ 4 _LojujVI (Jl£ilj .{£)4C. ^1! Cj^JLj 4_jjLaj^)dll 

• ((JJ^^ A-l^Jajaill x^adll (J^ld f^JA 

jla jJLSl ^d^VI JJJ-^J 

A g j ^lalj Lode- As^ ^ judJ (Jd»_3 (j! (j^H jC 4 C£Jj ^ jA ^Lol^VI ^ 

CjC^l ^ ^j j£j ddc- jl (J£jdj (3^%^ Lode, jl 4 iji ^LCa^dall ^ja (J.Viar x>\l ^ l* ^iaj 

t L <i U^q] 


<^jU 3I C jdll 

(Jjj^aalil ^UaAll ^a£-aJl Cg^ djx^ c . ^>J V (JjiLCill ^Jj (J jj^a ^]| ;^Jll]lj C j4^11 oCA ^_y addlj 

iaJjudJl ^jlalidjVI j ^Cl^. J4^4 (3l*JJ Uu3 \jUrt 1 ‘dlljlj (jl ^ iVi jjjdill SCC-Ui ^^A djLdjLcA]| ^jj >L5 d£J! 

^L-^ijjdq^ ^4 j^- 3 (jj^ 3 (j^ l. 3 >J CCldl ]ox>\l ^jl m (_£ jIloiaII 


4 jqj^l l^jLud^ j j 


RBC ^UjIaSL 

jUII glCfJl diljj^^ll ^ja A n» a dllc^iA] ^A Ua ((Jddal!^ <aALoia]| 

^jai^JI J/Wi ^Jl (Jj^al (jl (j^^ 3 djUjlxJI oCA (jl L-lil^j 



puujjxll vill_pl <ulo£: d>\ >oJI 



.77 fSj 




(JllLa (jLujbU ^ic-Vl ^Ujujj j ^Ic-bU (JLujVI (jj^- 5 (j^ (jiajliiJa dAij^ll L_flj^)*j 

t^LuokjVl - ^lc> Jlla (j-a Ja^^yUjuj (^AeJ! j jjs jlill ^Ac. 

Alalia 4_ij^Jl C^jUa^Jl jjl j <_£ jl jlAb c 8 * i.^cC i CjUj£-all AJjLuJI <jIj Ua l_l^j # (SljLk4jl L_flj^)*j 

. (JAalAlj Ojjj^all jjJJ Cjlij£-<J! 4 jLAu 3I 4 JUnI j^jUa^ll 


A-Luujj^Jj CjUjjVI -JjUAllt CjI^j 

Clll^. U-£a ^LdxJl j*qMl Jallj 4 L^aii -all J^LaU^]! ^gJj ^Luoij VU (Jjlajll CjI^. j j}j\ Jl\\ 4_ AaC. ujj 

<a3aL<4 (_)Si ^a j^^JI tg-Al Ld^Hc. jg Joj (jAll ^JxSfcijl £ jl jl (jIa^)XJjuij tillA Asu # ^<jjj jjalAl dilifl jJ ciUdA 

(jl j)£jLj /Lloj^I CjUjjVI (_£ jLulJ J ^ ^Uujll ClAjj^xAl (jxi A dj (_£d^L ^A <*JaLa 

. (J jJa ^Ac- ciljcs ixAl ^Aai^ajl (Jj3 qa <Ul jL \A^ajla1\ JaJjl 'SxAIj (J^ dn 










.78 fSj 

dAjjjVI 


Jliaj) 3L^JI ^Jl ^)£kj ^j]|j <UjLCLg d lICj <- 6. laJjudJ (jj^Lj (jl (jla^ii^JI (jxa 4_Luj^ii^_ll dUjjVI 

A_j£l^pl ^ x djLi£lxi ^jjjLujI ^Ac. jjCLj (jl (j^H j^Ajj^£JI ^Lud^VUdljl^iajujVI ^(JA^jl - i<^33A cs^ 

- ^lo (JliLdj^ ^)Iaj(JI £3^>4 (jCr I ^ Ul ' ,<l 6 (JfllLauij AJ^juiJ t o/rXU A_Lt3 ^j]| J ClxjVI A_ljLli]| ^3 

A AVnxyj A JaJjudJ dl.1^. ^31 j)£Jj a (jl (j^AJ ~l i ^V1 td^jl ^I^CLojVI 

;A_loj 1^JI djUjjVI (jAj dts!>lx3l 

(jit^Jl ^ajai^Jl (Jjjjall (_£ jj^) jJa A_lxjdJJ^)ll jj^aUxSl Cjjjjj (jj • 

A Alik ^ ^Lui^l ^gJ] (jl CjUj£-<JI ^jjoill Aitia^Jl CjLjjjj13I • 





.79 <Aj jkuijll 

CjUjL^L JjUaIII *U£IjJVI ^1 ^Jl 


dliL^JI (jl ^Ac- (_£ ^3 (_g^)x*a^3l ^Uaillj aj (_^A ^IsuVI A y\ nil ^)jj^a3l dlliLaAl (j^ajL^ak (jlaxJ 

^mVuh La l^plj j AaS3 ^A Aj>>>jC. ^J£^jl (j^ajL^aaAl \ g kk\<\\ ^_y ajl v^-i'sll ti33l (_£ j‘l Vi ^IsuVI Ajj^LAI ^)jj^a3l 

;Aj11j1I ^Aj AjjJa^)C. ^)JC. djU£A<a (JjaaV # ^)Aal3l A^_a. JJ ^^>11 dl jj-a (j-a Aj^jxll Clilil q L> > L 

Ljajl a^ailoi^ ^A ^LuVI ^A/HAI ^Ljaall AiLaAl jjl C % n«\ — A_iJaV3l • 

jjoUJ AjuajaAdl dl jj-aJl jg AVI' ^CliLuaJ ajjj^ll jjoUJ £>*jS fit Jj^UxII (jl C* — ^^AaVll <jjj j£ill • 

.ibuVI <^31 *Lcaill 

Ljajl (JjLalLa a^jjj^all JaLujJ (_£,A3l ^joi^JI jjl c* % — ^JaL^jjl • 


L$j I j5lt • 

\l^\ « 


A_LJa^)C. ^^Jl j^y ajl x^-> J s\l 





I^juo 


0_,3*zxll CjlcL/T9 4 j^Ij ^LiuuLujI 

^LiuJI 49 ^ sS^XiJI 

A . \r\ 1 6 ■ 1 1 < 1 lirt-k i^vjOLjJI C LzDJlI I v^9 <lfJoi>JI 

^>3b^JI 3I 





2 . d ... 3 <>rt 1 1 < 3 lio-^l l 

^139^13 JoUjJJ 


3 . JjLdjJI 



4^,133^1 

<L <3 13JL0J I 


5 . i> 3 jiJ| 


3cLzDl#JI s sv9 <Luj3Ax>JI iuiojsJI 



3 cLzdaJI s js9 JjLojJI 


-GB- 


3 cLzsiJI A_» 3 13 JL 0 ^ 139^1 





.81 


(JjVuuatl dlllgjl 



6 _jA±k.nA 




.83 <Aj 


CjI q j 


> 




^>^11 Ajj&il (JV'^ludVlj ^ t -x lLi J L J 6 Y ^3.84 J 



.85 fS. j ^jll 

A^uj^JI CjUjIaJI A-ua<Jl^JI CjUjjVI aJjj 

(JnU dila^^lk VI . ^Uia jjJall J jJ <Jjou31j Ac. jjudJ (JaLIj j <jJ jaa* I jjjfLi <jl l* 1 Vi A-LaLiJ^ll jj^UaJl 

AjjJa^c. djl9Vl*Jl ^.i L_a!>llkVl (jl Lo£ ^)jc.(JI (j^ajL^aVll cijliVllikVI ^Ac. W-q CjU 

# AjjujAiA CjU jj! 36 l>° Ac. jj A_LujAi^Jl CjU (J^al (j-a Aju^V 

X 2) (J ^Ac. CjUj 6^)JaL^]l t(j£jud]| ; ^AWlI ^js\ \ t/T\ (JiLdj AjjaiAi^Jl CjUjjVI Ac. 

.(x 2) 4(3 x 3 




Geon 

i 

Edge 
Straight S 
Curved C 

CROSS SECT 

SvmmetrY 

Rot & Ref ++ 
Ref + 

Asymm - 

ION 

Size 

Constant ++ 
Expanded - 
Exp 8 Cont — 

Axis 

Straight + 
Curved - 


S 

+ + 

+ + 

+ 

(P 

c 

+ + 

+ + 

+ 

0 

s 

+ 

— 

+ 

£p 

s 

+ + 

+ 

— 

O 

c 

+ + 

— 

+ 

£X 

s 

+ 

+ 

+ 


.86 < 4 j 

4u>.\X)£ \\ CjUjjVI <JjJajc. jjqJI ^IsuVI CjUjILJI 

;- ^gic. JHa j 4_LJa^)xJl jjc. CjU£1a 31 ^ Cjla!>likl£ SjjCiti* c. ^j! <j£Jaj 4-^ 


jl 4 lla^Jl (JlLaj — ^H ^jJa^^jl ^ Wa^Ji CljliL^ • 

j^]l (JiL&J — ^jJa^)*JI Wa^jj Cilia! ^joi^J • 

.36-!' cjUjjVI c> wl jil djliU^Sj aLlax-all ClilLuj^jl ^UiLujI (J^judJj c AlL^ajl 4_i3l£, a^lol CjI 


jj£I SjIajJj A-wajC- jji 


c^ 1 


IJ ^_1XJ — jxAail L_1LJ^)J 


£Li I3I0 >^i I3 <_ia£oJI ^ju <\i~r> jC. jjai\ ol9Xi>)fl ^abj 





.87 ^ j 

- CjU jIaJL jjja!]) 

till^pVI <jl . ^LsAIjuiaI] 4_lajjoiA]| (j^ajL^akll ^j-a ^ixj^all ^Astil ^j-a 4 4a AjjaaJJ^)ll ^)»«ol \* 11 (j-a A m ^jl As* j^a's^jl 
CjUjjVI .^JaJjaull til^pVI dj|j^)tLa ^Ac. ^IjJjuj VI 4 AjjaaJJ^)ll (j-a U) k u j S^^Jl 4x. j-a^all (Jjjjall] *> a » «ol 

s-Uj S^lc.] (jl UjI La-a) ^IsuVl AjjUiill jjj>^a <j-a UjI nu»l Aui> i.Vlg 11 

(jl 1 Vl^xij ^XlLaj ^Uaj jLaJtlLkiJj 64jjaaJJ^)ll ^)j^aljx](J JaJjaull J*lxJ! IAa A a 4^aAL.n. < aII <j] .^(_£^£^all jlsuVI 

. ^)x«ol ’iC^jl ^j-a 6^)^ CjIc. j^^a ^1 (Jv«Vl j ^)Ludj 


4-al*Jl — CjUjLaJL jjjaU) 


(_)i^j j (JjJaSl (J^judJ (JlLaj ^Loi^VI (jl La£ . ^juAjoiVI (J ^il J .lia* <■ — Lb-aj dlliSjAi! (JlLaJ (_£A]| 

£JjjuJ! (J jj^a ^il J dlljj£>4] is^ J^3' *■ ^a jjl .(Vl^^.VI ) 4 j» jjJoll I 4 jU j£-a ^Jl 1 g aj^l.l 

j^il£ ^LlAl JaqJI AlLliill ^>!ai3l 4^^. j (j-a 4jjJajC. diVWJl Jflsu . •^ c *' 

4j^jj^aill ^Lat^Vi ^jjaM ^judLudVl (J c k 1,1 cs^ ^!' cr!) J. _9 jL-a _^! ^Lajudil 

^ ^'iUull ^j-a S^C-IS dlljj£-all ^gjl^all L_li£jli3l C_L^aj ol jl <>. 

.(JjLa-all (JjiLallll 


4ajLuA CjUJa ijfl - CjU j£-a]L jjjaUI 


* ^ f 

(j! La£ . Jj ; i ^a‘l ^1 (J L5^' J 4 f)\ iMl Jaq^jl djl » 4^‘l ^j-a 4 n» a c. qIu^i) 4_joia^. tilliA 

£ ^c- JiS (JjlLaJ ^A 4 uu, Vigil CjUjjVI (J^juj .^jol^J] 4_i^.jLkll ^ j^aJl ^ ^)xalil! ^ ^jl c > 1 V 1 ^LuaijVI 

djLa!>lc. \ \ a x >>Yi ^jl l^sj ^oLail! j ^Lud^^U ^^a^)ll c. ^]| ^jU Laic. .^gjudLudVI (J 4_djudl_La C,5^' 

.^I^^.VI 4jnVi ^ j ^jia^)xll (J ^Jall 4 UutVl 4 jxn.Vig 11 CjUjjVI 
4^ ^all Cjl^L^all Jl Axljdjj 4 jfcrt. Vigil CjUjjVI O^IxJjujI — (JllLa 



r(rj, aS) = 


( x \ m ( 


+ 


\a) 


1 

UJ 


:Lame 


= 1 


w = — > 0 


IjjAII (j^aUJt gJaSSl 


^ -^- qj ^ ^ -■*=• p u' 



m = 4 


liJI .88 ^-*o^ 



^IsuVl <±jUj (JJjl J^V (_£ jj^ll cJjS <j-a ^ Uul*^ jlsuVl ^iajaj .89 
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.92 fSj jkuijll 












.93 fSj 


bUdiii 

;JU^I 


1 j£^ C _ It < -a t ** \ \ \ s\\ \ J JJJXJ 


; J£LuiaJ| 

« « A o * 

c_jIo I <£11 <aj^C.j L-ULj^a Sjjj^all <ja J j^.VI JU] • 

L_ll£jlL Jjaj (J U^ V ^IjoL^VI (JA ^J^xll • 
# dlVLiJl (Ja *lpxil AjjjjjJa <jjja 1I djLAjixAll • 


UJajJ! I Jjx^I 


<jJaJ jail Ja jl'i'sll 

l_j jjujL^JI <jj j (jAjJa 4 qjlo jll ^Jc. <jj jll £3 ja • 

4 qn< a\I jvuMl ^*Lg_A <sJa jll ^Jc- <Jj jll JIaxJjuj! • 

AJjXaH ^JUd^. jUol • 

JUja ^ jjj-Ajll 

^.JJJ ^Illl JaUJI UA Ul jj £A <JjJUd <llJ gj 4 j3jJ tl_A JaLc. L_fljx*aj jUjud (JA*>> <JUdlj£l jA | JJJaMI 

.Ul jLdll <C- 

<1jU (jj£j ^jII ^-J^IaII jA . J^qU J^ judJ 1 g Jc. !)Lac. Juijj ajj (jl (j£aj <Jjud^Jl <±iill (jA <JaiA (_J jA ; ^jui^JI 

m '^c.Si (jl (j£aj (jlll JaxJI c. Vn«oj (jlauj Laj3 

^1 <lludVl (jiax J Jjjj Ua j 4<Aa L^jUll Ja*Wa <jU j£*J (jUl ^^gjudll jA J ; u ^>jg 3 a ” JUa *lkU ^n>> jlill 

• ajol^JI I^A (j^al j^ (jl (j£aJ 

(J£ja3I ^\ In Vi I ^ ?^jLaijVl (Ja ja Ja 
(U£j^JI djl^. ? aaL^. ja Ja 

^^JLaJl <jl3 ja (jCr <U*a£ (jl ^ i^kj (jaJ <1 Laxj.uiV^ ?Jl£ jA Ja 

^jL^all j ^UaII ^«\ll (jA ^Ua) JjUs jA Ja 

^(_£,Aa 1| (J>l* } <1 J 4 JjLud Ja^J ^jl ?JX9 a jA Ja 

. J£judll ^ iJa jll Ua 


5)A) jLjSij 

?X L-fljj^ajll ^ja La »kkk\y a’ij ^_^1 C_1 jIUaII jALa ^1^1^ ^3 B ‘J jUUl dl^J j A La JaLxJ 



Pick a Tool 

1 m 4 

8 , 
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CjUJVI t iju/a* 

J (J^XXJjuIaII (J4J jA J ^\ ^V1 (j-G (. iL^aS! 

31 AjfLul D^la^ll (>: ' 1 J" S (^Jl #># c_jL 1I (jl ajLa 4 

CjI jjVI 

;Aliudl S^C- _3^)f3 ol^Vl J A i-lla ^11 d^A # Aj (JxM^xh ^A (_£,Hl ^^judll (jj£jud]| ^ajg qx> ” 

^(J£judll ^\ J’Vl'il) !(^5^ c ' S- 1 ^ (jl I'NJ ?^jLaljVl ^ U*Q (j-G ^A (3 a 

CjI^. !(^ 5^ c ' 4-^ (jl ^ ^jjc. ^A (^A 

^jl i^sj clP^ aJUJLLujV) ?(Jtfij ^A Ja 
^^L^ all j ^ ^jjjjjILa]|^ (JjUs _^a Ja 

J^Uaj (jxu>» ^jjjJjlLd AJ -X AjtgJ AJ 6£43^) 6(Jj^Ja \A tn.Vig \l A-i^Ull (J^) AiL^. aJ Ja 

eft (J^4aj (3 a 


^j£3l - ] j ( ^Ac. ^IajolaII ^ajuo^Jl 


~ ■ ^ Aiolaj Jjilij 


functional 

relation 


object 

definition 



.95 fS j 


maximize: 1) moment at end-effector 
2) stability of head during 
strike 



position: centroid of blob 
angle: orthogonal 


functional 

level 


shape 

level 


.96 fSj t 


AjijIajJl f ufl i jail 1 


4j,uni jl| jiisSn 

djLd (Jsil 4_A>su-£al 4^jj ^11 (JHaII ^ j)*i un iijjjall a^A j-a AjjoUJjII jlil 

4 jqjJo ^11 dj| jaaII 4_i1aC- (Jjg kk\\\ AijjIaJ ^Aks*) jl jl <ajj ^11 jl jLjjc-VI-J . jj£I (_£J^ 

Jaj-a j JiLui* (J£ju1j 4JLj j\\ < — Qj n^Vl j c. — L^a ^1 j c. — Q /ti jl ^iSI ^A 4^jj ^i] 

;4JLujj]| 

;djLd 4_^.L^11 Liila 4^jj ^11 Jc-lijll Lg-iS j£-oJ <^111 4 jjujLujI JjjL 4 j!>Ij tilliA 

^aLiiAVl j-a i. nl>J <Lj jll C1 jLgj1*_a 3I ^JS jflatJ c :> n^kj 6 <Lj jll Jxat£Jl <jlal jxJjujVI - • 

SjjIaI! CjLg^LlaII ^jial jxJjujVI — • 

4 m a\\ CjLd^Lt^ll (jJal jxILujVI • 


JjjI j3 j ^qjh jll ^jlVn'l 

(JHaII ^^A J 4ljj jll (Jj£jaull JjjI jk J ^qjh jll ^jlVnll Ja jjjl j-ajJa j2 jJJ jl L_L^J CjI jj-g Cj!^j c^IUa 

.4jjI j-dlajVI j c_Jj£ll 64 _jL2u 3I ;4_ilU3l Jj^UI 



Similarity bBBBDBBBBBBBB 

BB.BBBBBB'BBBB 
BBBBBBBBBBBB 

Proximity MARY HADALIT 

TsLELAMBITSF 
LEE CEWASWHI 
T E A S S NO WAND 

Continuation 

<this is a block of text this is a block of text 
that nans on and on that runs on and on 
until it stops, although until it stops, although 
there is some intersection there is some intersection 

with the neighboring block with the neighboring block 
of text of text 
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A qjlnjll ^LlLuiVL £Sl^a3l L 

jll L-Lud^ CjUIVI £§1 j-a C Jtla ^ LjaI 






.98 ^ j 

L-flLuu£l 


?liLol j o y ^. ^11 L_flLujj£l 4_iLoC. ^JbLa - o ,y\\ < — fll /ulSj 

a k »Vl q\ *Ljj\Li*a\) A x>\l j o^)jj^ LBa] ( jl 

y \ LiSl iy\ ^ j ^Asu ^ o jll (3^ > V^\l • 

# ^UoB.1 AjLjJaJU ( xlj LoiiJ 4 0 y^. ^)j£l jLoo] ;LiLaO • 

oA& L-j\ ^Ac« ( — Lo^a o j ^Ac- ( An ^j^a ( — sA^JI ^&La 

•^J| ^AA ^11 yC- ( — 9 AiStt La j La y& Aj IAjj La (JjI (AIIaI y y ^ ^11 

L_lLud^J 6? J^' • 



;A^. j]| (_£^xa 1! Cls!i CIj! jjaI! (jc. • 

e .A^jl! y^zhlc. CljlaLuiAl! t^jal Jaa> ^(j!!V! aiV! 6(j^ixl! Q 

L <h*l£ll LjJJJ^J • 

^axjll 1 g x>iy j ^jc- 4 qVi*\ a\I j A^A^aII A Lix CjI q h,oa1I ^ja CCc. ^ja Ac. ja^ a q 

djI^iAll Ac. ja^n a ■ 

L-JJjAil! Ac. JA^A ■ 

L-JJjAil! aL^L ■ 

A^jjAaII Aj&jjJal! 

;A_illl]!^l£aV! ^lc> &1& AaIxj 

j CIj! JjaI! Ac. ja^a ^Ic. Ai! l a£ iAc.jjudj CIjUIaxI! cib <j! £_iLluaj Aj! Clii^j l W>il£Jl (A_nj ) l_u£jj ^Iaj^j 

(j! L_l^J 1 t>>ji t C. ljujl£j| 11 a CIA^I^a! ^gJl (S- 5 ^)-^! AJL^)la ) i!^^^ ftl& (*! jSU) Alj^la 

.Ull A-uL uj A_Ba! Ail jll (jjJ^Ia <^1! AiLlaVb aIaLui jblk] Ac. ja*\a ^C. 

(. Luilill <— 

£a la! jil! ^c CjUl^aAll (3 a CjUj1i 1£JI jjAi j (JjjUIa (3a <^a Sjjj^al! <^a Slab (3 a Sclc. caUlaI^I! ^-.uiaj 

^ajij A K /iiaII fil& (3^1 ,b& £^bCa L-jLuo^. CAaj ^abi! bjli 6 111 Ja^. A£.^)jalJ Alii (jl (j^AJ la! jil! i^_ysJU (jU ^1x11 

; JU1U 

(JA ALaLlCIa Ac. JA^S A L-JJJjJ O 

# (3a^j j Aiii la! jil! ^b La! aJUI! aI^jaI! ^1 JtaliV! 1$ ‘j^aj jbAkV! ^Cli ^^ll! la! jil! -k<ia o 

b y*. j£ (jlxJ CAljbikV! (3 ^ <^11! la! jilt O 

Jjjjaj jii£! Liaj! (j £1 t^quuj (_^13! jUlkV! 1 >A j!i£! ^jLua^J! ^ jg qx>'b Jlc. ^iisu jblk! (3^ o 

^ JojJo's’l JIAj C. Wtll^ll 

ujLoJI 4ib j' 






I 


jLuci^II O j L p> I vjJ'J I jil _g.jJ I 

jLuci^l jUjt^lj oJaj ljj'J I jjl^jJI Jbi 


.99 ^ j 


uLilll! fUj ;c_ijjJ11! 

;diaj3! jjiiil! 4_i! La^ # ^!^c«V!^ AajIaiaI! a ^ \ 1 * ^\l ^ja b ^ b-v ^ i JjaUa JJC. JlAl ^aJJ L_13jAil! 

# £_ijLai! ^1 Ajj! jIa j;ixl! a At.A'W o 

^1 Aj j! jib! A^jaiil! o 

*CjIa jIxaI! cl ilc> J A ^ A 


V i 24 * 24 slslj l^-La (_)£) 4 _aj 5000 ^^ Ij ^ * 44 ^ <bjlajVl ^- HaVI ^ Jla . ^3 

.( JaI ^ IIj L . . ftJa . j^ali 

# ftjaj (_^l ^ lc « (-5 jT^ j ( j ] C 5 ^^-J * Oj J ^ a 10000 (^ Ij ^ dlliA | 4 _ nLud ]| ^ JIaVI ^ Jita . ^3 



.100 


.^filuul! 2}j.lual]| As jAyA 

l^glc- L_Ujlill JA*N A j’Wl Cl 1 l^k # (JjudLudlLo]! L_llia]| L-boia. C(2j^aai>l (_]£judJ L_)j3o£ J& (^jlxAA (_]£ 

.^ aALaa ]! ftjaj LP ; 4 -iAajVI 4 - SIaVI O 

^glc. ^ jILoiaII tilli < LcioL^JI juilL c 1 j^.j ^1 500041 JjVl citi ^JI aVI o 

.aja-jll JJC- - <c- ja^a 

AiuLai]| Cllj jIuxa] I £.l_laa.! ^lc« CllLujVb C_JjAj ^^ILouj (_]£ 



.101 ^ j ^ijll 


Jill JUi^VU JLlSj Ui <^£11 l -^ L £ 3 I 

tdil JA aII 6L_jil£3l jlijVI <JjoC 


C — fljuil^jj (JaI£ 1 l — ^jCa j 

(PD) <^K31 JUi^V 1 O 
(FAR) 343S1I jl^V 1 ^ o 
jj£I o.Vq* a djLjjljgi.^ - c ljul£13 ^Ac-Vl (JLci^Vl o 
jj£I CjUjIui^ - J5V1 L_bl£]| jbjVI joC o 

jILaa (JfLl (. — aI^aVI ^><q j 

(jLCi^! ^ja (_£ jIuxa (JSLl ( — fljud£ll J L_bt£ll jlljVl (jLdaj ^_^lLCi_a (jl AJ 

m <JjoC j 

1 i£J 1 JlCiaJ ;4 _i 3U3 I CjI j 3 -i» a\\ c t u^ l q^K\l ^ajL^k C* n^k dbbla4l 


(.\iq Vi\\ Cli3 j) CliLj j1x.ua] I 


^.1 J (_£ jlLulA ;c_jjj^li]| 

;1)A (jjSxliJ C — ‘In^Xl (Ja (jl Ia£ A 3j» x>> djt <C-JA^jO (JA (jj£lj jlLulA (j£ 

□ (S jaaII 4_aj 3 ^glc. Jj^aall) ftisUll ^c. lA^iiiil <Ub q 

X j 4-ii*-il jIuia o 

{1,-1 } (J1 Pi (4-4*41 dlaJ jl (Jj3 Ia 6 ja. jll ^IaHI jA j) L-JaHill q 


R,=(P, /,(m n )>P,-T,) R, e {0,1} 


. 0/1 oi* Cjl-lilc. (j! CLua. 

Wi ^aJ ^3j 

Ans = (X(Wr*)> Thresholds ) ^ 

JftV 1 (jjlSl! jliiVt «. LS fl t ^Vl JUl^V 1 cr 1 ! <2*11 (>Uij 


CjUi^aII - > 1^.1 jll iS jJjuoa]! 


r 


v ^i..Oif> 43 L 5 | 
^>>1 


< 


V. 

r 


Loj3 jLx>^I 
4jliHII 4ji Loj 




V_ 


( UJLIj^jJI 4 JjxO(I ol J3I ^AjjSU 

l 

Lb>JI b^u vSill ijjgi.oJI v_9J^3joJI ^jX>j 

Oiju'uJI J j 3 ^ 1 l £ 3 *x>o 

1 

<U>^o J!Ljj 4jlLj3uoJI 4i«>^U J j3^!l l/ Afi>j 

. i 

OibLopJI 4^3 o>x> tflc AjJujJI 

1 

i 3^-LIJ tfJEJI Jlm>ll Jo 3 ^>j JjUj v 1 ijj>j 3Jl>xJI 3 ^ JJ 4juaJI 4joj3 a>j 

y 

^ 3^1 JjUu iiJUJI v-ij>Llll 4jujJ N Lcxii 




4 jLgjJI 


.102 {&j 


CjUIu^a'I i Aua J 


Jatail! (JlLaJ (Jjllaljoui (J£ (jjdiiJ J Q'jjt Vlx>\l C-L^jWuuxJ 

t i.“^ijl>ui^ll £$1 j A ^ (J5I tillj Loj dj^Lilali 


4 J' 3 6 2 Cy* ^ <■ — (J£ 


11 4 q'"-sx> CjUjjjj cilliA <jl pistil £a # 4_Lkl,^j 


ijX| hi uPfi 1 

<ulsl 

ij jIjJsuuijd 
ijja 



EE 


CjXjlcij'aJJD 

4 jj£sl ijjp 


□ O u)l J 

iul^Ld 


&jl 

oXjJiJjjjO 


.103 ( 4 j 



jfy\ cJS tilli ^ l 160,000 o* J&! - 24 *24 -3^-^ djli siaUU ^oulL 

jUli.yi AjUc. (jj^J (jl 2 2 3al£ .(^J>^ LP 4^Slj-all 
• (jVjVl (jl ilx^a^ll jtilkl ;(JHa]| 


*> 



.104 <Aj jv-ijil 

J-Luuilil L 

•\jJajj ^ m,W ^judflj ^JaxJ J (j£JaJ La£ .HctcLT L_fljUa j AjjutJ I^A 

.( 3jV! ^isiayi 


cm 


Jaail L_fl 2 jt£ Ljajl 4^1231 <jl 2 ui 

.105 <Aj jvjjll 


XY ^ <j^V #5 

AjIIxJI _l“ Iou^aH 

; a^Lu^J! • 

d_i) A_iL*1£j]| 6^)jj^all (jUixJjudj • 

;A_ill!i]| A * Liaxh^ 4A_iLal£i]| <j] • 

I-l(i..h)=f,f l l(iJ ) 

i = 1 7=1 

i^jk * 1^,1 j J l. ^jl (j ^4 A joVlll tillj Jalaill (J£ju 1 jj • 

. 9-6 A-S CjIjLS] i. lluVi J (j£JaJ • 



^jjjULq ^.nxj (j-a Vaj l Lujl£il ^jjjULq ^nau (j£-aj O 
(. - ll ]ajj tiiL j* 4AJ^b (_^l jA (JjJafi! Sc-li^ O 




ROC Curves for Face Detector 



.106 




.10 JjAaJl 


41bL>JI oliLij^l 


Julll 

10 

31 

50 

65 

78 

95 

167 

422 

1 

76.1% 

88.4% 

91.4% 

92.0% 

92.1% 

92.9% 

93.9% 

94.1% 

2 

81.1% 

89.7% 

92.1% 

93.1% 

93.1% 

93.2% 

93.7% 

- 

3 

83.2% 

86.0% 

- 

- 

- 

89.2% 

90.1% 

89.9% 

4 

- 

- 

- 

94.4% 

- 

- 

- 

- 

5 

- 

- 

- 

- 

(94.8%) 

- 

- 

- 


130 es-^* 5 <^11 jLikVl <c» J A “> A (Jc. AlLaLkll 4_i^ j-<JI ^cjUJI (j-d l. gVi-s^ *}AxI i Wu^'l ^ u*n jin ; <J jAaJl 

Cy* 507 ^ c 'j s jj^ 3 


l1\ iiauaVt 


j ^ (j^al jllllj l 3^ ^Ld-J fJ>^VI ^^gic. d^)C. dill (Jj^)Ja Cy* AJL^jia (s& L_fllalax-aVl 

tillA d_Jj 6^jjk,-q]l j ^-Aj^jl dl^Ld ^ja (j£aJ t-A (J£V1 Ax. ja^s a\I ^jij l^)l^)£jj I^jI^a JfrA lajll L_fllaJaj^aVI (jZa^JlSJ 

l_j jlia^ll Jataill (Ja JaVI dcjl # £>did ^jj (jl jdliJI ^ ijxj <jla dtiajjl c_4>^J jaiII dlaSj jdj] JjUj 

.Ai^/lj ^a ^-3 ja£]I Aiaj l-iLol^J 

;^U1U t ot q 1^> . «aV 1 IAia <^ja AjaUeJI S^)d]| ^j^adljj 

# ^ n; A q 4 l->^ ^gjjjlj ^jJj C^juj^Q ^ j ^ aJ j 4 l-\.^ C^JjJaxI • 

Sjjj^all ^Jl ^’ijdll ^ja (Jj^^]l ^.id • 

jAllI ^gj] dldjujVI (Jjjd (3f^J • 

JI "a '”" 

^J J L»d\' ^n'N \1 y (J ^«v a\\ ^-^jAllI (j^)lgj • 

^■3^aj (JjJaSl ^)lid A_j^)lLa]| 6^A ^Ax ^IjlLudVlj • 

•dtiLu^aVI d_Jj S-LAI l-g-J ^L^l L_L^J Jti\ dl jldAl (JA *lidAI tilUA 

;uflliIa^Vt JjS AdUAl dl jldJl 

j *>«oll ^3 ^alxuA V I ~ ^ jtnd ' \ 

> l^_iic- Aild^jl JjjjaIAI A AaX Jj_nlaj ^IIia " S ^)J ) *- ^11 (JA Ajjjl^jl ^.Ij)^, 4_i^^)ldll AajAadl ^ v W*^ -^jjoidl .2 

A jj^k *W ^juldl ^ALd y A\ AAaXJjuOA ^jj^)JJ (^jl C1 jIaj1xa]| ^I^JuJj - fi^)JA^jl L_daj 3 

^Al U»d\l ^ jLalll j ^aualdl i ^ 'd \ ^JaJOjuoJ CIiIa ^Ixa jA < *ot Q l-> , I ^lALo / at Q l-> , i ^lALo Jpj| zj. 

dULu^V! 

;ciU)au^V) *Uu! CjI 

^ ALdll ^ja ^a AIjUsa # \ 

Aj^jill dUliiaj^aVI .2 

;uiliiouflVj Jju AjaUJI CjI jla^Jl 

.AAa^ A ^’ALaj]| ^JjI*_a]| (J>l» J (JaxIl^) - ^c. <ajn^i]l^) Ajoj^)^]I _ 

^^jUa^Al A^jujL^JI <k^>A]| ^Jl (JliAjVl (j^-^ 6^A . ^ J A Vi Asuj 

A a 4 U a JaLij ^j-a JbuVI Ajj^Ij (AjAjJajlty A^3jJ| 

’iaII ^JalijoaVl^ did ^A AljUaA Jallj di^lj ^ja jbuVl Ajj^IjII ^Jtdajjj! ^a (JaX(JI ^jl ^)Za^)AAj 

Jallj dj^\j] AIjUsaII j ^Jasdl ^Ldall Jallj dl^lj]| 4_ixda j d^ld ^A A K jaaII ^jl ^L-fliadall 

6^)jjl^]I ^Sj^JI ^gJaau Ia£ S^jjj^all d\jj|^.j (J^jI )oa\I ja^JI Jallj Aj!>IAJ 6^)dljA ^Jaxi I^A j 

j j-^jl (Ja AijUaA ^)JC. j A A jJal <JaSj 
c ilikudVt AjaJj! 

;AJU31 dl ^JadSl ^gAc. <djjl ^dSl 6^A 

^dj^yl^jl 6 ^)jjl^]I Jalljj ^ j j-^j! Jallj dl^lj ^jlJ A^jUsaII ^jZal^AsU • 
# A_jj^Ij]| - Jatail! ^jUa^Al ^ja J-aAl] A_jj^Ij]| L- U»^j • 

# ^IjuV1 A_jj^Ij]| A^B^jl (Jl^jdujU S.ViaaH J A A A I jdll Jallj • 

All )oa\I dl J|Ja 1J jdll dl^^ ^ja 4jl3 jAaII L-flfll jaII Ijj^W ^)lai]lj 4_iJa^)ill A *s ^ja ^qcs U • 

• ?JJ^' t5^ 


^jj^mII JaJt 




.107 fSj 

i 0 , /, , / 2 lalii ^l2iy jjJiiaJI ^.&iLs m 0 , mj , m 2 4»lij 

(*> y) (x, y, /) : JliK sj 1« jjii f 0 , \ s jj-Jt Life <j' lk> 

cos # 01 = i 0 • /, , cos # 02 = / 0 • i 2 , cos 6 n = /, • i 2 

.C.J ,t) Itjc* C d'j j R m , R 02 , R n , cos 0 O1 , COS 9 02 , COS 6> 2 jjl 

; JU1I Uj^] i Cy? 

a 2 +b 2 — lab cos 6 m = R 2 )t 
a 2 +c 2 — lac cos 0 Q2 = R^ 2 


b 2 +c 2 - Ibc cos 0 n = R 2 2 


JolVil ^IsuVl iT nnVi J cSUasla]! Cj 6 3. , b (J^aILujU 

m 0 = ai 0 , m, = bi x , m 2 = cz 2 

uLxJail uuj&U) jjjjj 

Lijl L^£ # Lixi jg qx> j ^ci~ i <Jai L<^ ^ diVL^l (j - ® ^jujU-g 

(JsVl (J cilliA A-ilc. j 4_lV 4 )oVi\l j (1) <*J 9^)*j <jl 4 -si ^ j Ujudl <ULaJl 


uL^Luail 


rrtj 




jjjxj I^jIj ^^LdVI jjjSSL j^i ^^jII rn 0 , ^ , /72 2 j-g£)I J^IJj • 108 ^ j ^ 

ijlaLaLeJI j C^oi 5 ^02 ’ ^12 ) j-<ull Jalij (j jj CjULuiaII L_a^)xj <jl l _±?4 ^ ^ 4 J ajj!>Ij 3 I Aj* >>> jll ULLoiV 

• (d m ,d 02 ,d l2 ) Sj_^l ^ ujj 
;(ta^.V C' nnlti) JjjLuJl 


S = , 


&WP 


-ac 


a 


(h l ,h 2 ) = ±(<J(sR 0l ) 2 -d oi, f7^(^ 2 ) 2 -rf 0 2 2 ) 


(H v H 2 ) = -(h v h 2 ) 
s 


fcf+^oi = (sR m f 
hi + d 02 = (v/? 0 , ) 

(/ij -h 2 ) 2 +d 2 2 = ( sR l2 f 


.(7) - (13) 


L-fldXjJall (J^Jl C_jLoi^ 
* J jJ3 Aj5\j li^ <j-« 


(1) 

(2) 

( 3 ) 



Jalij (j-Q ^jjjUIqJI jjjxj l^lj u? i ;109 J ^ ui . 

;^U1I ^lc< (_]£ AiLjalj \ _J (3) G*£cA jJaLdJ 

iW =5 2 (/^ 1 +<-/? 1 2 2 )-(4+4-4) (4) 

;<JU3l 4-xJj^all ^ j jV (2)j (1) JIaxIujIj (4) 

444 -4)44 -4) = 4(4 +4 -4) -(4 +4 -4)) 2 (5) 


OS’ 4 - 2fo 2 + C = 0 


( 6 ) 


:s <*-ujj 1I J) c4' 


a = 4 44 - (4 + 4 - 4) 2 

= (4 + 4 + 4 X - 4i + 4 + 4 X4 _ 4 + 4 X4 + 42 - 4 ) ( 7 ) 


= 244 + 2 44 - (4 + 4 - 4)(4 + 4 - 4) 

= 4 (-4 + 42 + 42 ) + 4 (4 _ 42 + 42 ) + 4 (4i + 42 - 42 ) (8) 


c — 4 d 01 d 02 (d 0l + d 02 d 12 ) 

— ( d 0l + d 0 2 + d l 2 )(—d 0 1 + c? 02 + d l 2 )(d 0l — d 02 + d l 2 )(d 01 + <4 — d l2 ) (9) 

AajL^jVI (J (j) 


:M( 4 )j ( 2 ) ‘( 1 ) i> 

4 ) = ±( V(^4i ) 2 - 4 ’ V( 5 4 ) 2 - 4 ) (ii) 



cr = 


1 


('/' 4 + 4 - 4 ^ ^ 2 (4 + 4 2 - 4 ) 

otherwise 

(H v H 1 ) = -(Kh 2 ) 

s 


(12) 


( 13 ) 


q — 0 ^jjSj cJa^jl cl lliLa (Jl^cij Lj^ic. (_ikll 

.£jjV I ialilll ji S j>^]l jS j-4 

;4_iltl]| Jalaj <jl 

r 0 = (x 0 , y 0 ), ^ = (x,, y t ), and I 2 = (x 2 ,y 2 ) 

Jalaj S^auuj ^Ac. <jjj£ju <j! (j^l s,h 1 ,h 2 ^.Uac-L 

1 


Wo = -(•*<>. y 0 > w ) 

mj =-(x 1 ,y 1 ,/Zi +w) 


m 2 =-(x 2 ,y 2 ,/j 2 + w) 

5 


(14) 


. 3 l» - L t L j (jl o^4 ^ w ci li 


P 0 ? -/^l 5 Pi (jL<XxlduJj JaU^VI Cljj^jIC^J ^)Ual ^ Pi -4 iallj(J 

P _1 ( p y^ SC!Loa]| LjJJjill djUj|^.V ^Atlll (jl 

p 3 =a(p l -p 0 ) + /3(p 2 -p 0 ) + y(p 1 -p 0 )x(p 2 -p 0 ) + p 0 (15) 

x 0 i=Xi-x 0 y 0 i = yi-y 0 ’ ^ 

X(a =x 2 -x 0 v 02 = y 2 - y 0 (16) 

p 0 = fh 0 , p x = m, , = m 2 ^ JUtiJj 


Pi-Po=~( x oi’yoiA) 

s 


1 


(17) 

(18) 


Pi~P o=-( x m>y<o> h 2) 

S 

( Pi — a>) x (/^2 ~ Po) = ~(y\)A — yo2^h ■> x o2^h — x oA’ x oiyo2 ~ x m.yoP (19) 

s 


;aJU 1I AJ^\ Jc. J.^Vn., i>J (15) (19) - (17) JhVydi 


m 3 =-a(x 0 l ,y 0 l ,h l ) + - fi(x 02 ,y 02 ,h 2 ) 
s s 


+ 7 2 (yoA y 02 ^h’ X oA^~ X 02 ^h’ X 0 iy 02 •'''02) ; 0l)~*~ (“' : 0’3 ; 0’ W ) 


- _ ( ax 0l + A X 02 + y ^ 01 2 + X 0 , 

_ —Xq,H 2 + x 02 h 

ay (n + fly a 2 + r — ^ — — + y 0 > 

5 


erfy + ph 2 + y 


X 0 1 >’()2 -^02 }’o I 


+ w) 


( 20 ) 


IS Sfjl (JjA ±La1\ Jatc- (3f^J -2aULajjU 


sm 3 = (ax m + J 3 x 02 + y ^ 01 ^ 2 — ^ 02 ^ 1 + x 0 , 

s 

O -X M h 2 + x m\ 

«y 0 i + Py<n + r — 20 — — + )v 


ah. + ph.+y X ° iy ° 2 Jf ° 2 y ° 1 +w) 


( 21 ) 


|A*J^)VI <Jc« LlJ^Lal 2a£ x ja j 


n(sw^) = (ax 01 + fix 02 + y(y 01 H 2 - y 02 H l ) + x 0 , 
+ /fy ()2 + Y(~ X 0 iH 2 + x 02 ^l) + Jo) 


(22) 




(jjadjVI Jll djli ^)jj^all jl (_£ jLa Jl ^)jA-a £A Ai JLalL AjJa]| <J JlLajllj A-aJlx a!\ A_2£juLa 

4 ^jll cillj (jxa ^^A AjJaII )Jj x *all 4 Jill A-ll-llI (jl # (_)il (J^ ^ ASjJaxa l^i! J ^jujVIj 

(Jg kk\\ Ajj AjaU (j-d \ g aJI*_a]| A_i 1 aC. A_lL 2 alj .Jan Jl g^jjAj (_£jjj S-A-a j jjujVI J L> a ^'^ J c£^S-* Jl <*— ! 

La* u qju^-iMl j ^nnVill AjUc. J (JjjLujVI ^flxj Jillj A-^LLoll Jn*j3l JV^ 4. ViL> £juj jj Jl lLu^ 4 Jii*j 3I AjUc. 

(jjll lg l*^j Jll djUjl^Vl J i^Vl ^a*j . djL-o J*_*3I oJic-li J Aj^j*ll j aJI*_* 3 I ^-iUull j-ic. (j>jVi Jl (_£jjj 

# lA Jn*J .j^*]| JjJH <J A -^11*11 AjjL* J x*ll A_*JI (j* ^jj£]| Ujli 4 AjL J- a 4^ 1>>|| (j* jl Aj* ^n*o J jl 
^al,)Vunl ^Jt£]| (j* Aili 4(j-aJ Jc« (_£ j‘l Vi Jill ^)jj^all &S-I J <J A Vl*ll jjJ*Ml (JjLui* ^ja 


(JjlLdj (j>4 ^ ^ill l^A (JjLoiaII (jxi ^kl ^ ^3 .(_>^ (_5^1 j jn^Ml AlLabd (J^J ^ jjojI /(^jiajjl^ 4 j‘il n 

■ j'v (Jl^. ^jna>*l J (_^^L<i^)ll Cjl_^,^plj aJIaaII ^jjj^all ^l^Vuul ^Jl U^)JajJaJ L aa jjJ^Ml aILoia] L^ ^JJC- ^jjj^all 
A_i1aC. hu k\\\ c. V)g j (_£^La^)ll (jxi Aj^aL^. AiL^. LgJl (JjjLujI Aj^1a]1 ^)j>^o\1 A ^ \1 * a (j^J . jjJ^Ml (JjLoiaI 

(JjLabd (j A ^J^lxil cilljA (j£] djLa^i*_Xi jl ^)jj^all 6^A (jj^^j] L_J j\^lX>\l 6^)^ll]l (J> IjqVl j A ^k\l » x>\l 

A-jjgUJ^)ll Jx^->1 \*W ^A 1 (j-d lg_J A_ij jlll dll jaaII ^)flsu ^j ]| j AjjI^H j Au^. j \ jJill ^jjj^all^ a\\ (JjlVi^ jJAxull 

# jjAxull JjV^I 

igjfi ^aUaj (_^1 LdAlc. (JL^JI Ajt_lliaJj tAj ^I aII ^)j»«o\ 1 ^ic. AxU*j Ajj^) cilLftJ (jLaijVl 

L-fl^tlill (J (j^l .^(jLaijVl (_^^ jn^Ml j tjj^)!l ^1-^) Ajt/i^ /till A-lLajlVixt ,jlVi (J jL^jjoj Ajli jjj^Ml j A » a\\ 
(jl ^jJal ^11 (j-«j 4(jja^)*Jl I^J (JjV^I L^lj ^ fcH>Vl <>— Ajaiij \ g x^Vuuj (_^l jjJ^Ml (J^ 3 is^ 

.(jLaljVI >jjc. A-jjgUJj J& 


a j t ac. Jj2 AJ^IaJI J^al] AjU mH Aa.SIxa.1I 


(jjasu J;iilj (. JUUJ \ jjfcrt 1 Jjj^all &^A Ajc. jj (J*-^ (^1 S-Uja JJ^all ^ (jil jl} ljUc. A_iAi^)ll jjj^ll (Jj^ jujj 

6^A j ^jjj^all (Jjl^'l # # (jL^.jVI -2a L_fljtiklj A11 x1a]| j A jxn.Vig 11 tA-ij jj^jall CljlijllkVI^ A qll'S^ll (J-dl ^*il 

. jjj^'l J *» u^ll A_L>lj-q ^i tAjj^iAll A -slU x>'l a1>lj-q ^ A_i^lj ^ja IjLa. c > lx j^a n^>j djlijllkVI 

-jj c :> ij^. 4 jn^ill AjUc. ^ 1^. AjjjjjJa A_ij^j>Jl A-s'U^'l A_LslJ-q (jla 4 jjj^all A_aJl*_* c_jU£ ^ Aic. CjJ-laJl La£ 
^)j£-1a!I L_jlj£il ^i (Jj^a^xi (J^ /uj l^_^.^)juj ^aJ 11 (j-« jJ-lxil . jqVl j A l^k.^ll A_i C- (jjku Vl IgJjLk 

CjIjjjUI! a^'Uxi (JiLd AjjLJI jjj^IU a ^l^sll l1jU1a*JI (jjasu Jl SjLujVlj Ua Jj£jjuj J IJI Ua j jju J Ji3! j 

J (j^lll ( — ql’^J ^)j)k^ill (JL^^I ^jc- S^-LjaVI -2a ^ Ailj j j jj, W^lljj ji^ll J Ajj ^ ill 
jjk^ill L_JJ JlL Ia^)j-1j Ajj^IaI! A Jl 9 x>ll L— ll jl^C- , j^Vl 1^, (_^^)j^)jJall (jxi A-ilc. _ Jajoill^ S^LjaVI 

^^jjoajj (J^jujj L aa CjUUJ! S-ic-la ( J Aj j^x>21 ^•iL<ij]| 1 ^_j diikjl Ji2l Ja j^)Jd]| (jj^aj Jl Ia jjj ^‘i jl^JI j a I'v^ull 



jA JJj£ (jg& ^juAjuj! J»«VlC jA jjlll j! HjLoJ aj^A ^aJ Ia£ . jjJAjll A1^.JA ^jl! dj l! JJaI! jjj! A j\aC 

jb liA SjLjV! jAaJ AjI C < jj AJ jx*ajat£ jjlll ^lAaJjud! jjAj L_J jUsa!! ^aLd! j^AJ^ 1 g )>>>* J C5^J (JjUoui 

jjlll j! dn-v c^jojjI djljjt^Alj j£lj ^ jlajuall ^lc AiLuiaII jjJAjll jx-aJC AjaJ (JajuJ La A JjuiJJj La AAJjlaJ jjlll 
# jjilL ^LjjjV! j jjlll ^ jAj ; jjjd! jjj ^ j-j j*>«o *1C aAa^j Laa jjjjjlj jjJJj^Ld j^-3 o jUmti ^J| AiLdaVb 

^luittll AjIaC jjV^ (jA^.V! jA AlLaJl aAA ^k dilil 4^11 ja 1! £jda jl! j C jUa.V! j-a JJJ^ <^i c. Q^Aj jj^aljxl! jjjb 

. jjjj! (JSV1 ^^lc ^ jj ^ jj^jaJC jA jj£! ^lc ^duC-Vd 


Aj ijIaI! jj^l! jjjaj ^ jLja 


\ £ ■- *ajdlj j^AJ A jjuj! J jAaJj! jb jl djli j! (JALajI! CjL^jAj jA j! AjjLa bbt^ jl jlajl! j^>» j jjj^-al! jj ^ aILuia 
^ l! * aIjaI! (J£judll L flJJj^aJJ ^ajuJ ^jl! (J^Va (jLajbi! £a ^Sjjj^all^ aI^AaI! djLAjlxAl! (Jjjaj A Ag aj 

* jj x Aj ^ILaj (JaI! (Jj’ujja]! ^ic aIa’ic VIj ^ jjJAlil! ^aLlaj ~ jlad a1^ ja (J^Ld a1£jaa1! (. at j x ^ V I jA JA^a (. q u«o 

(JjVA (Jj^Judl J! Iaja ALaJc! LJX J^all jA AjI Clll^ 4 L_JjuijV! JJJaMI Iaja jLild! J JJJaMI JjV^ Ac- JA\A ^alij 

A^JIxa] L_L^J J)jj ^aUaj (J£ ^jli AjIc. j O^jJalAll (JI^jaVI (j-« A*jujIj A^. ja^v a ^a (JaIxjII A lc« 


(jl ^j£ajV (_)ial^)AVi jAAj ^^al^Jl d Iv^i ^j| U^H dili ^ic- (JHaj o^)^JalA]l (JI^jaVI (j-® SAA^a t ot n ^1 

.^AjjjilV! S j^V! Jlk^l (j^ardAj 

(JjVaII Ac» ja^v a AjA^jj ^iiaIiII aILaa ^ Aj (JjAaSVl (j-® Ajli L-LuAVI ^JJaIiII IAja] (JjaI yA' ^J| ^ flA^j 

^jj 6^)Ij^-a]| ^j^al ix ]| oAb (jjLud! j ^j jk -^ a j >s fLj^V! Ac - jasa ^ja (J£jA jl ^jud^> (j£i j a!aI£JI 

^aUaII A^l c j£aj I^jS 6 1 ^jll JlAj ^aJI AjIjsl J£jA c»_flj^)*jl JHaII (Jjaui Jc < c > n« iVl jjjajII Iaja 

(JjjUaj dllij ^Jajaill Ajjj jjjajII a!Ja ^lAklujlj jjjaMI aJL^. Aj^-U ^ja j tAjjujAj^Jl ^gJc “LdUll 

4aj 3 jl S^-ljAaVl SaA ^ja (J£ ^j 3 ]a£l >»a Aj^jIsaj (AHa j JalLajVl IAja ^Ia^AjujI L_JjuAV1 '■^-*-^ 

jl cJjWMI jaiVl ^JjjIajaII A^.1 ^A^AjoJ SaIc ^JajuJI (J£jA Ajjj L-Sj^xj] /ojjj^all ^jj^ilxS (jjlll 

^gJc (JHa j jj^UxSI oAA ^Jjj L-Laiill j JlAil! Ajjj jj^Ux! 6 jjaa (js-x\\ )>^>A jj (JL^. ^ 4^j£Lud3l 

SaIc ^a^Ajoj ^j£Lud31 Jjkjll Iaja # J£jA3I jj^Uc Ajjj c > ^jaJI j (jjUUVl a^£U aSLaa jldic.1 

JJ C jj^aUxJl oAA l^JS jjSj ^j 3I jjAjall (JL^. ^3 j! A^-jJal j Ajjj jj^al ic AjA^J 1^j3 c > lar ^jll ^ jJajuJl (JL^. 

t A *s dal J 

lAA J^ajl »^->A 1 Ajfljjxjll (JjlLj jl ^ASJ jJJAjll ^aUaj jli AjI jJaa j Aj^ajL^ak L_flJj*j jl AsU (J£judll jjJaM 
Aj^aLaJl j $j£Ia3I ^k Aj ja-A3l ^-AlAjll AajI IiaII ^jaII £a ^^Jl^ # # jjlll t^JajuJl Ajjj tAj^jLaJl A jAaJl 4 (J£juJ!^ ^jotaJl 

jAsja]! ^a31 Cj1jj£ Ij^Lk jAaxJ C. qju^iM jjJAjll JalijoiVI IAja ^jjAa jj] JJ^I (J^AoJ (JaxjJja ^Uail! Ia^j 

jA jl Cjj^ i I AjaII Ia^j Aj^aLaJl CjLajVI j L_JjLaj]| ^jIjj j IAjaII Ia^j AIIsjaII CjUajjI j^SI j djlijjxj]| g-l J^icl ^a 
jA j 4-jIj3! Iaa ^jjJajA l jU^> jc ^uhll jVI cJViVun j .jjjajII ^jaLaj JaI£ l_j\j£ aIjs! j&! ^-LajI ^^LjaLoia C5 lLxk 

# JJJAJ j*Aalx£ jjlll ^Ia^AjujIj jjjajII 

Ja jVI . j.l.lAlU ^Ldlxll djljjlajllj {jAIjaII jjLujI ^C. jjiil JJJajI CjUa jjl j^Sl jA AjAxII j3jJJ 

IAjaII # jl jlVI (jg^A 6 jjj^all ^3 ^jujLujVI j_^l jl g Job ^ajoJ ^jaII ^Ja^V (Jjj^j jl jl^l jjLujI 

^gic ^ajli IajaII Iaa .Ajj jlll AjjL* jIxaII Aj^-UII jA SajUII ALlkll jl <aja*JI JjVaII c Vw jjLojI ^gJc ^gjldll 
aILoia ^k Aalla^ A jll Ai^l $\ J^iAl A j ^. jj ^ajaj A qViAx>\l ^IxjaVI jj^sUc jl Iaja jA jjJAjll (JjVa AAc jL^alkl 
^Ia^AjojI Ajj» ks-i IajLuj j£a La£j (J* Iaa ROB jjlll ^l-laj S^-LjaVI JJJSUJ jjUl Alla, Ia£ 4 jjjajII 

(_£j^l Ajj j] AajJo ^ ^Jl JjjVill AstJ ojj^aUc A^U jjlll jjj ^*1 j^-^J j^l J t jj£Aa!I ^Llajll jjj Ai jj^alxS jjlll 

^-jjj£j ^1 AicVI jjA Ijj jl AljUaJAll djlclstJujVI A^. jl jaj (Alii j ^UjaVI j jjUl lA jj^alic jA jj^J 

Ajj jill CjIa jIxaII j AjuAxjaII j^ajL^aaJl j 6^-LjaVI SAjjJ L_fljsu ^jjill ^^Ixuill^ A^jaII ^A jaj 

^k S jSIaIL Aj jAx>\l ^-aIajII j 6 jjjaj aIjaII Ajj jill dj!yl AAx>ll AajUoa Ajc dl]A] jjlll A^.ja AjjI j I g 

Jalijll £jJs!ja ^Ljjjfljll Iaja ^Ia^jjaIj jl jl! Axjl! aLajc! (jA^,V! j-a Ajli jjlll djlj j^x>\ aIxjV! ^j!>Ij 1! g-l daall 

J p ^jlail! j! W1,W2(Y.X) cr 5 ^ j! j^Aj ^jU! ^ jl^l jjll aLU^aI! 

j! j 511 iLajj AxJj^al! jlnAl ^A jjJAjll jj^aljsu L-AjxaI! ^-A jaAI! jjj£j Axj jjjdill aILja jA AjIIjI! AkjxJ! # (p 

Asu jhjjIIaI! j)A (^l^ Aau n frl da3 (J^ jjJ ^Jaxj j! j^J Ia JJJAJ aIjaI! (JI^jjV! j! ^Lj^V! .(J^llj 

A q\lA a\I jjjajI! jAljA djljjlaj (jA^.1 ^IaA*uuIj djlg.1 daall oAA jjjJa jjJAjll dj dlli 



jjj-oj JLaxIuj( 


^Ac. clL9^ *1 >uxJ C-U^> c4_l^^]^Jjua3 'L^L^ii]) 4jL±±Ia]| A^LjaVL c^lLaJ 

<Jjjl! ^UaJ £A <Ic.lili £A ci l]jl£ A_JjU^jill ^Ij^all £*a <Qc.lflJ ^ic- j 4 J a tij Jallx^a AiUall ^Ac. Jj AjjU^iill 

Jjlll fjJ J^J gJjffi £ jS . ill /o^LJaVlj j ^j^ill £j^b < g. jjJall ^g-^^]j) n>nq\l (Jj!Lqj1I 

jl £pli) Aj^Ljal jl ^CIaALj j! £Jjou 4^ A-ij^llI A it u«ollj AjUjolI ^]\ ^laill UJ^ j 

Ajli ^111 Cl lUj^xAl dC^J A-ijU^iill ClAit^^l.^jlaJjVl (j^ilU Q^ill ILa c_al*jJa! 4_^,^p L_fl^)*J ^-LjuiVI .(<J-alc. 

.S^LjaVl SCj ujj CC^plIj (JjJa (S*l^VI tg-USVI i<jjti\ 

4W, jll (jl J&U SUaxJl a w^nti T1[C], T2[C], T3[C] (jjM ^AullaJ >.h,^ A±J*1 jLw c UJ^' 

[C] = A1[C] * [PI] + A2[C] * [P2] + A3[C] * [P3], 
(jjliai^ai ^i A1[C], A2[C], A3[C] ^ 

D^-ljJaVl ‘Lsk.^pj Q^ill S-llj is^ 0 (-1*^3 C£^ ^UjujVI J ^^pJ CIjLjIC^. 1 L-bol^ <^- (jfLaJ (j-® 

% A qVj'N xiH C1 AjjI* 1^I ^a A jl A aJIc ^IjlrCLuAj <« cj^H 

Ljajl Lajlj ^auoi^Jl ICA ^ ic. Jaa3 JUuxjV j) ^juoaJl (j^ L " tLl^^lj) ±uisl\ j s-L^jil] £,Vq* x> A K jua <a jfl* } 

^a!LaJ ^\ J (jl La£ i(_£^)j^aill Ajj^)ll ^Ua3 ^C. C-alsu <dli£ 4j ^ i^xAl j 4_ilc. JaSLuAl ^jjjJall ^)Cj^xa (_gic. 

All ^]| 4 r. ^ ^ a Lq Jjlll CjIjjI^I^I ^aJaj dJ 1C. q^ 1]I ^jjjlja] > Ajuo£j(J t^jJaxJj 

ji ^Ixjoi!>U ^ ’ur <L«ajlx^ ClAjjSLa]! Clljl^ La lil I^jLol^. (j^a-a AjjoUJ^)1I 

A ^ajqli <J^L^.I 4iUa]| 

Ti(C) = } C(w) Tsi(w) dw . 

;^SUi]l ^joi^)]I ^ l»- Ji 4_2kj^a£ aAj jxh (j£. A * a ^Jnx4) j^ill 



kjLuai jll (jl V J^l ‘iljjlJa.VI : 110 fflj fUljl' 

^•liuoVlj cs^J^I ^J-^l (j*' jA°j ajlaJI o^A (_j3 J <jaAI Cllli jjiuV Aje-Uial ol*jj (jli (jjlll c_ijj*j .lie. s-ilc. 

■ 4_ii jJ]l 


tl = T1 / (T1 + T2 + T3) ; 
t2 = T2 / (Tl + T2 + T3) ; 
t3 = T3 / (Tl + T2 + T3) ; 


C UJ^ L(C) Se-LiaVI .JaaS "LjjUl L-Li^xj1 4jI La* t3 — 1 - t2 - tl (J^ (j* 

\A UhLujVI Ajljj)^x> dllg.1 xJal bJlL ^ jaxo ^£^jLjoJ 

L(C) = T1(C) L(P1) + T2(C) L(P2) + T3(C) L(P3) 

;^]Lll£ L_ajx j (2 (jjll Ajj jlll CjUjI^VIj 


T1(C) = [tl(C)L(C)] / [tl(C)L(Pl) + t2(C)L(P2) + t3(C)L(P3)] 
T2(C)= [t2(C)L(C)]/[tl(C)L(Pl)+t2(C)L(P2)+t3(C)L(P3)] 
T3(C) = [t3(C)L(C)] / [tl(C)L(Pl) + t2(C)L(P2) + t3(C)L(P3)] 


<Lj jll! jJajuill VnuL l g ic» 4_iic.j 

XYZ, HLS, UVW, Lab ,RGB : JS- ^ jUI ^ jiji jl jLU ^1 

t * it 1 ^ ^aJa-ll A aC* 6 Aj L ^ ^ a ^ a ^ L'qQ b 

Q^lll ^l-lkjjujl Aic. j 4_aJLua]| ^aJaj ^j]| A-LujLojVI A K L*\i <j! ^Lx^aLLl 

(JLLoll (JdJjud 3* La* 4 xAllalL ^jjsuj tgJl ^)* j Sc-LjaVL Q^l JaUli^V iiiLj Sc>LjaVL J)jj ^ 

^ \* a\ jjj^SUll ^ Vq* ^ aJLui* Q^ill ^Ia^jjujU (JUS jJIj ^U2ll) ^j* ^jjc- jj 

:c5 Hj 1I 4 1*1^. ^AlXjJa 6£.LjaVl LaAic. 



• 111 fSj jfcUIjII 


t-jjic-l (jc- ^jUa^lx-all *0aJJ^a j " 41 j ■ ajx£ (jlsuj aJLulaII 

RGB j»Uaj ^jil Igj o jLil (Jjjij (_jaj PAT . ^Unjj Jaxj Ajc-lik^all <jjjj]l A ^T^il ^ 

Oj j£Jl 1 1 1 . ..I -». 'I 1 Jajj^a jjJua CjjS (JaxIiolI jjjjill o jLil JlAjV J1 jjx«£]Ij lii.'i 


J 1 


,UAl 






■VI AjjujLujVI t — <aVi*\ (J£ju1j (J^aLxJJ Al 


iLLxJI 


uj^ 256 

R(j3 Lq jJo ’ ixa A K /in ^1,^‘util A jLc. i t \* v^ij La-d UJ^L 16 (J^ 3 ^ c> (uj^ 256 ^Ujc-Ij) 

j 4 _^JI*-a 3I ^Uaj Li pkay (jj\ I^A j UJ 1 ^ <» < UtiWlL (j J 

^Jajudll j ^LjujVI j jrjiil! ;Ajj jllI cjL j5x>\I RGB AjjujLujVI ^jL ^sli cjU j1*_a3! 

^jl Ljj^. j djL L_L-a jj 4 ^1-s'l Lijj£3l l^J La^pJI ^L-xJ! j CjL 

I jllS ” ^ilc. jiJI jV ojiJI c. aa 1c. I jLai JjjI jjujI 

L_fl J^a J ^AUaC.la 1 59 6jL l^jj I JlS l^J jl Li LI tiLj Ll 



£Jjuul! (JjtL ^UjujVIj ^)d*aYI ^jlioaJ jlll ^-jdll ^ ^ Adjlll A Ajjalall 3 jLLa 

^)j^)jud]lj ^3^ (j_^l l< * 6 M (jJ^)lalj]l (_)jl-SJ ^^2ajai]| j txSli (j^fLll (_£^3 (J^ ^7 (j^ill la ^Jl ^j^illj 

I^A ^JaC-l A laJjoiJ CljLal£j <-** ^a!*JI ^L^-C-Vl ^ja A_adalj S^)^-a .^jUllI (j^ill U^ *^l ^^*^1 J 

A o\ v : ~K\f ^Jl (jLuijVI ^"ti^l (_£^]| ujjUl! 
; JU1I A_1a^a]|j 3" ^ ^-ajx£ Qjlll ^I^JjojU A q\y‘p\j L-IC-L^oa]) (Jdlij <j^ S^ldaVI ^iitj aJI^Lj 
6^A ^ajaJ L-.buA.aJl AjujLuj ^Ic. (jl ^Vl (JA £jujIj t Lila A^lj dl l3j ^3j (J^aa]| ^ja ^joill • 

^ l j l-^_^l_3 l L l'\ t > 'j ^ | 

^j^i]| A_laJ^pj Ajj^ja <jl ^1V1 (jl L " ^jaLoj (J£jaJ ^IxjVI ^Ljj^Ij ^jl ^1V1 ^)l^Jal ^j£aa]| ^)JC« ^ja • 

^jLiikl (J£juij 

^ajoij (_^lllj TLS ^g.A^tij ^^.I^aII (_pa*j ^ j HLS d jUjI^.1j ^ill (Jj^JI ^I^jjaU lL (JjaVI (J^JI 

^ill ^alJaill (JA (Jlslij^ll . L , J^UaAll ^^Jajuill "AJ ^j£aJ *lxJj ^l^dVIj s ^ ^^)dll 3 ^A-l (J^ l '' s ?J) 

(jdJ ^ kk&* \l (Jj^^llllj .<^d ^ajulJ ^lill ^(Jlj3l^ ^JA ^J^JtJl A A^JgUA ^Jl RGB 

I^Ljlliill ^al^doil J ^aJJ XLS ^d _9^l ^ A ^J^lIa]! j RGB Ad_^^ A a ^JoJa]! 


T = arcsin(V3l2(G -R)/ S, 

L = ( i? + G + ^)/3, 

5 = a//? 2 +G 2 + £ 2 -£*G -£*/?- G*/?, 

R = L-1/3*S* cos (T) -1/73*5* sin(r), 

G = L + 2/3*5*cos(r), 

5 = L - 1/ 3 * 5(r) * cos(r) + 1/ 73 * sin(r). 

4 411 V 4 JjV^J JJ^lt JJJ^J Jjjb Ajjli^ 


Aj ^1 a ^LajC-I ^aJ c J)jj ^‘i ^jL*aiat£ la^.V A-aI^VuuV dllj j^a ^ja A-illxS ^)j£Vl ^-aixil A-iltS]! L_J^)L^j]| (jdi 

jUlkl ^aJ j c > Uti^k jjjajU ^-iLu^ (j-dll J^.I^>a c llldAJ jj jjl j jjlp) ^ I jt 

JajA jJA J AiLolAll JajuJ jJA C > ll ^aJ C ,% n^> 6^A (J .Aj^laAil H,L,S,R,G,B 

(JjWuux>\I ^jAjJa L^Adl! ^JA (_]£] l^_J Jad^All J Si ^ill ^ja (_]£] L-flld^aVI AlilaAll AiLolAll 
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jjvi ^ ^ .11 fSj jj^i 



R 

G 

B 

H 

L 

S 

C qlu^iVI (jjj AiLabftll lajud jlLa 








0.07 

0.03 

0.14 

0.27 

0.02 

0,5 

(jOJ 4 q\U ^\1 AiLaball lajul jio 







c_ali^,VI 

0.04 

0.01 

0.02 

0.28 

0.02 

0.52 


*'j^' .12 fSj Jj^l 



R 

G 

B 

H 

L 

S 



c fll *1 x V I Jajud^iA 



0.13 

0.05 

0.14 

0.28 

0.05 

0,63 

^C^U^la!! A^I-iAa]! 








0.15 

0.01 

0.08 

0.38 

0.02 

0.63 


\P^ C5^ .13 



R 

G 

B 

H 

L 

S 

( at I >- \ ^yu <aLaiA]| Jajud^iA 








0.02 

0.02 

0.02 

0.33 

0.04 

0,17 

4 at , i\ /\\i 







cJiU^Vl 

0.04 

0.01 

0.01 

0.36 

0.05 

0.33 


^jLijjlill UiU Sljjll .14 JjJaJI 



R 

G 

B 

H 

L 

S 

l qlu^Vl (jjj AiLoiAll Jajai jIa 








0.05 

0.12 

0.46 

0.55 

0.06 

0,17 

(jOJ 4<a\U^\l AiLob4l la .,1 jia 







UiU^VI 

0.04 

0.05 

0.45 

0.68 

0.03 

0.25 


Laa H ? S 11 ^I^JjujU ^aJatxJJ C. qln^VI (J4J 4 AiLou^l Jajud j2a j Ail, in a] I Jajud j2a (jlj ^jlUll ^jJa jJ 

;^JU]| ^JUJ^)11 L_fl!>llkVl l^A ^JjJa jlil 6 JJJAJ Jj^aUx£ ^aI^JjujV AJtxi jI&Vl (jJjy«Vl»'l ^aA jLjC.1j Ul ^.A.uiJ 














^^1 cA_LljuA.il I A-S l joIaI I c " ' J ^ 
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A-jjj 111 ^JiHl ljUj(±^V 2 A **M 

JllUll L_Ll*JdJj Ad jlll ^Jdll dLlSI^V djljjdill jljJC-VI (j^C* idVUj A^jLaJ! L-Jjldl ^Ac. ^LuC-VU 

(Jjjk-a ^llj 111 ^xud f t jadl j)A A_A^Lx-al La j AjeJaLo A_u^3^) 6^)Luil ^Jl S^)aAjaa] 1 ^JdAll S^)Lui |_J A \ ^iLuAl 

A_Aa*J1 gAa cAd^ill ^Jalll dLil_l^.V A-il^Ulill d jLj^dil] ad_l^ dt_JA jl^j^d cL^jj j)A d^ xdal ^tllll ^Jl 

;Ailli]l AjjJalj^)ll J aAjaa] 1 d I j)A A^jasuQ 

L = 0.3 * R + 0.59 * G + 0.11* B r, B 

S=V R 2 +G 2 +B 2 -(2/sqrt(3))*L*(R+G+B)+L 2 ; L, G 
H = arc (cos z) ; 

jilt j ^jlll HLS 4 _jj^iil djLj^^oil 

RGB JS HLS 0* cr«^l ck^' 

^UJI C- i .'\l J A * jfl 

G = V(1/2)*S 2 +L 2 W2*S*L*cos H 
B= sqrt(S 2 /2+L 2 -sqrt(2)*S*L*cos H)*sin g; 

R = (l/V3)*L+V3/2*S*cos H 

S ‘t L E jjsII H 


jjjaTi R/g ^l,V\u*i) 

jjjxiMl ^)»«ot \c. c. <ij]o £joj jJ iaia (JaA ^ jjujVI J (jdljVl ^)jAxall L_fljldj Al ^ixAl ^)jfc^-Al \ g \x> Vi ^j] 1 AdLxa _^*--<Al A x>jq\l 
All Al ^^1 dt/iKxA (jxa . jjjdll aI^^aj jl A ^\t * xAl A_L^.^)aj $.1 jjuj ^.iVd jU (_£^)dl dldlS-aL ^xud Ldl j 

Al ^lxAl . jjjdll ^AxaliaJ ^JVl ^)t J*1^V1 A_AaC. (Jg jail Loa Ad^alll Adc. ddd (J^-uill (jxa 

(j^ill ^ic- oICIxa]) J Idall tilliA ^ ^Jajaill ^ic- S.lxU*_xAl ,2 j2aJl <^1 AildaVt-J (_£2Lxa^)ll d id^)d S_ fljLd 

£juj jl dUjl^l ^gJaau La* dulj ^ jl^^i dli l** it ^ ^ ^UdVi J ^ L_fl!>llktj \g j\c. (Jj^aaC j 

^ic. 6du»^ll (JjV^ dlajj*j3l ^gic- 6dua_All J)jjx>Ml (JjV^ j J 

dldtAl) J J 1 -^^ UIaAI C3 ^ ^Jajoillj ^LaJl LS^ •^dlxj AJ jIaII ^a ,2 (jl ^)ldc.Uj cC j^l^Sl 

AJl Jfixj J Sjjj^all ^ Ajjliill Ad jlll dll j£a]| (jl A_iltii]l <L^)iall ^UdVl j ^ jlll ^ J^l dl jjsu 

IjjJ (jjfLjjuj ACL (j^i-sVn dJiai dj^Cill .Ajjljll dll j£a! 1 ^.1 j (da jj j;iil ja jl ^al Adi Jl^J Ad j\ 2 j^. IdJ 

/d^^xi Adc. ^gjbldal jddj (jjALdVlj A^j J^l J-^l (j^ AiLuiAll Cdl£ lil Ad j] J 

R/B (jjjVI (j^^l (jj^ ^1 ^>a^.V 1 (j_^l (jj^ 1 A_ifc.ul ^jnan c^dl (jd 1 ^)a 1 jiiAi£ jiiAlll j)A alhxa (JILaa 

(jA ^gJc. (jj^jfcfc) S^ldaVl J^l^ 65-ldaVl J^d jlldV ^^a AjUfcii A_xd l^lV j c jiixull JlV^ ^a! j)A *1^.1 j 



fiAA lil (jiaJ^xa ^a!| JlI AlSJ AjJC. til UA (jl L— Lia> J>aA]| ^UL^ QC- C1jL<4^Lu<J <Jjou 1I fiAA 

CjI m W Jais 4-aJlx /a\i Aju\ax^i cillij 4 ^\t » A\ JAc. ^j>»j<w'n Li] ^ajusj Loa i 4 n» \i oAA *L<aj3 ^j>a ^)j£l <Jjou1I 

6^)jj^a <_£ jJjuia ^Ac. ^A^ a!\ 4 ±ix ]| ^pa ^)j£l ^Alj R/B 4 j.uu]| aAA <L«aJ3 ^Ac. l^llj <jJaJ^xa ^) ml ^lAl 

L-jLuo^j <2JLxaSI lAfj LaAic. Ia£a j A m ') <Jjou]| Lg_j Aj jy LA/L^Al Aaiia 4 -v\t » A\ £jLli3 SA^J jll A hx 'I 

i >> u k j\£ (_£a]| Cli3 \j\\ Li! ^ajuaJ Ia& j AjJaJ^aj A^oiLoi ^Al Lj^L^AI l" <\ \ \* \\ ^ x n g j ^j| £jAaAaij A Jjaull oAA 

A /ajLaill AjLj^)£AIj AjI m \l 4 \1 x a ^Ac. 


4JjLaJt jj-ua]( jjj-aj j A y\\t a JjLula ^ CjLjI^V) jxlaj ^1 


^-^)Ai AjIA <jl ^11 ^Al (Jjj^a^lU AHAj ^j^aLic. ^j>a ^y^alx£ Q^ill ^Ia^AjujI A-ijL^al A_AL!i]| L_J^)L^A]| 

aAA (JL^aI Ajc. c^)jJa^.! Lgi ^1 ^jl ^a^iiilj <J^La Aij^j 6^)jj^a (JlxaJ ^AjVl Aj^^A]| AW A\ l" \\ ^1 ^A\ A^lj 
j ^A^-a! ^jl ^11 A]Li& 4 jL^^)Aj j ^)jJa^.VI (j^lll A^LjaV^-J Allis L_Luiijj (jdJJ ^Pj? CS"^ 

HLS ^ RGB yrL^ ^ yl ^.Ij ^j] g jSl ^]| JjA^aji] .(jjjl — J^a^l 

(j \ ^]Vl (J^ Jhyn.l ^aJ t^]]j Asu L^J£ D^)jj^all JaLail ^<aJaC.Vl H ^j^ill ^•^)Ali]| AjA^A ^aJ j 

^ajuj^)]| j ^SA^I j Ajj ^] 4 xtj'q A^l j aJ ^ ^-<ajuj l_Axa (j^]]^ 

;<J^aA]| oAA ^jJajJ ^]^]^ 



114 

^jJa jJ A-llLlllI ^)jjL-a]| ^^i]^ S^Ljal ^Ia^JjujU ^lili]! j (jLaj^ll ;A£I ^ill (j^a (J4C. jj ^i]]^]i 

;<jj^j]| 
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A \a^\) \a! ^jjj/a'l (JjLou* La-luiV J)jj ^^ai*£ Q^lll fi.Ac.l9 jm*! L_J^)L^j]| fil& 0 jtlj 

^ jVl 4-1 ^>a31j c. <aj n Ai\l C' i(j£l^.^A ^^Sc. l 1 Ajj£ i <n n«-Vi .(J I^A ^2 4_jjLa jl*-a <j-a (jjlll 

^kVl (jiaxjll <jc. c. <aVi Vi £-J fi^A (_>axJ c >% n*\ 6 (J^ <j-° 1 L-lLud^J tilli j <J^)£]| ^ (JjoLoiI ^Ac. 

^gic. J j^^'l jSaj ILLuj l^JI jLauJI .\iqVij ^^-^judib - j-<^.l £■ j^L <i jl* CjIjj£J 1 6 *a Si jj) <jj 111 j 

fii& J ^Ac. <J JJ^aiJlj ^AjlUJ A_lj\_J 4 jaAj ^JA Cjtjj£Al <JC- Igijjali ^AjlUJ [jClA fil * 1^.1 jll ^^lll ^ J,H3l 

Jj^ ^(Jj V ^ x ^al 1C. ^Ac. AA jg kk\\ (J ^_ixJ ^ll...l$J <j^aL^Jl JaSLoiAll j \ g mjj\ 5 a j 1 g K /u j CjL^ill 
Ia j-aj 4A^.j-a 3 <jjau3Uj djUj£3l ^\ <jjou31j dAjj£Al fiA& (, <aj n Ai\ ^jj'A-ia'I j ^al c. <J£juu ^Jj^Al J ^ 6 .A 3 -J ^ ^ 

^11 dllj_j£ (I) - ® cJ. jVl L$ jAjoiall ^jJjaM CjUjlAl ^ja ^JjJa c. <ij]o cilLA # (jAa^a]| ^ jj A Wj L aa 

4_}j£ (J£ ^ahc^l jlll J^ill InA djlc. ja^Sa (Jl Cjtjj£Al c. ^AjlUJ 6 (_£,Alaj ‘iS^j 

L_ilc. I fil jl 11 ^jl C :> n^k j 6 ^ jJajudll L_flJ^)SU (_£ Jjjoixi (Jc-J A-ljlj A-l^.lj (j-G .<LLud3l CjUjlill J£3 <jLud^. ^XJ 

J£joJI L_flj^)*j j lg_j A Ld j!ybll j 'e >\ jill c. <aj <J jg mjj Ul ^jujj <jla 4 j'-s" ^ ^ jSl 

, 4_ n jlll ^ o^J 6j;ij£3l ^^^Jajudll 

^ill ^ J ijJ^aaJI ^ (jlal^ftl (jc- L_fljuo£Jl 1 , 1 ^ 4 x> ^jjj/a'i Alilj ^) n»*i 

# dljlj ^ J)}oxU dj|j ^laLlAJ ^IjjujVl J 



1 




jv.L 


'■MM 


3 -. 


3pHTpOmiT rp0M604HTbl 

4 5 ' "— 



I W$:n: 

'SBeSii&fei 

^ ■Wwf' 

Mohommt 


JlwMtfcoijwT 


n/iaaMoijHT 9o3HHocpMnbi 



Baaocpn/ibi 



Cer^T0^ epH b»e nailOMK05 , Aep „ we 

HeMTpCXtWJlbl 
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4iH^a CjLj 1±^1 ^JaJ ^tjdkluat A^lxi AjjULa 


A£>jxi\xi ^l.Vs Util ( HLS J RGB Ajj jlll ^ahVlttilj (jjlll jAidL A t^J^'l ^uLlJl A 4 MI L_JjU^3I Qin 

LgJ <jl£ j ^ ^JajudlU Ja£3 dlilikl <jl a^A Q^* } (jl (24 ) A. n j\ djL^,^)dJ 4 LixUxJl 

c. <al n^l ^Jl ^ jUull ^jxi^sxi ^jtuq’i <jl£ (J^ ^**‘J1 4_xui L_iljud^j (jjoaj 

jp'sj Lo£ c. qlu^i^U AjjuiiUj ^oLdi! AjjouIIj Aj^aall &^A ^jJajj ^JLJl ^jui^) 1I c Vu/i (J &\ (Js^Jl 4_xui 1«^-J 

jrjlil! ^IdaJLuAj ^JaLxJJ A q\3-ixJl AiLx.tj.xJ I Jajuj jlLa j Ailubftll Jajuj jlLa <jl ^ullJl dJa (J4JJ .Aj^aJl d^A ^uLij ^Jc. (J j-laJl 

dAj j£-g ^l.^Vutil qa V^J ^jjjdl A \jl^ I^A ^l^Vlttil a21jl 3 <jc- d^jAj 2u3j Lax* ^jjjdl ^t^aix£ ^ill 

LgJ (jl ^IVl J (jl tlu^ ^LldVl _^A j dlixJl ^l.Vsutil l t ^)x^ai*Jl IJa ^Jl AiLdaVLj RGB 

# ^U2iVl ^IdklLujU qju^il ^xua ^UdVl 4_xukj <■ gViVi Lgi£3 j ^Jbll j jL^aVl^ jffl ^ jdill <jjdij 


.15 <Aj JjJaJt 


J-dll 

c. <al n^L/l aJojuj jlixJl AiLt.ti.xJ 1 

i. <al ’i t «oL/ 1 (j4J aHI^xJI AiLaixJI 


RGB (color) 

TLS ( T ) 

RGB (color) 

TLS(T) 

kl 

0,32 

0,54 

0,03 

0,38 

k2 

0,1 

0,45 

0,04 

0,29 

k3 

0,17 

0,5 

0,06 

0,24 



<. fll 1 X V 1 A-IojuJ jIaII AiLauxll 

<. si i x s\ V 1 4j_ij a^ILaII AiLoiAll 


RGB (color) 

TLS ( T ) 

RGB (color) 

TLS(T) 

k4 

0,31 

0,54 

0,02 

0,3 



X 


RGB 

HLS 


HLS J RGB 4jn*n\l <2 Luia3I # 117 


1 



HLS j RGB 4 j Hu "ill AiLoiAll .118 ^*ui 


jill — XX j-dll — X i^juuAl AiLuuall — Y c>% 


ljIjjSJ 4JjlaJt jj-uaJ) 4 fljUrfVij *LaJbua ^Uaj 


IxjujI j Ul£>* <Jdad 'Jg ^xAl l**lVj ^jLaijVl ^*i> ^a ^.^il 4 _^Iua]| ^LjaC-Vl j ^aAa*Jl ^laII j ^a^]| djU j£-a (JjWl (jj^ 3 
(jla^yAl s-UjI j (j^j'sdn djldl^l (JALadll .4 j\x>* \l SLiaJlj A-nJall ^a ^ixil 

die. -V W ^ (J£dj *lklj ^lAlj ^ >>iJjJl dAj^)£Jl (j>i* J ^ ^akjujj (J^>» J .^!!/l*Jl d^jS (J^Lk 

^gJl J j^dll die. (. j'6l LLaC. .^Al dj\jj£Jl 4 jj£jA 4_pAxJl <UjlhA 1 jddj AaJJjJ 

^ * ) 1J La£ .l&,\iqTi\ 1^-^. c jDVn j <daj jc. (j^ajL^k dILd <JALad3l <jl d_ua> aJ! Jjlad ^gJl ( ^ q An uull 


aAW<Q <aixlL<Al j <j^aLaJl (JALadll ^Jl j)\ AiViVI j L_AIa]| AjljujI ^ 11 <Lal*Jl (JALadll IAij (JALadll &1& <jl (jLu 

^ajUAl j (JALadll ^alc. IdJ-a dlLl& <J <j^aLaJl Aij^Jall (JALadll (j-a ^ jj (J£l 'N ^i3a ^ xAc. £jUa djli j 

4 qVl'SxAl ^Al djUj^xA ^a^Al ^jjdilal (j-a fij j'sl xAl j A_AtA! ^jj^all ^jJa jJ .^Al ^aic« ^ic. 4 jnxAl ^a^Al dA jJ 4j^)Iaj C. 

. j-aAl C. qVl'SxM 


CTBonoaan 
opHan icneTKa 


KneTKa-npeflUJ©cTBOHH mk 

Mwenono33a ^ 




flei»K0n03TMH 




i 


3pWTpO- . 

n03TMHMVBCTBKTenbHa« 




o KynbType KneTtca 


r.3jfc\ 



MMenoOnacT 


3 p* 4 Tpo 6 nacr 


MeraKapMo6nacT 





MwenonktTw 


MoTaMMenouHTbi 

i 


nanomcoflnepHbje 


npOHOpMOUMT 


HopMOUKTOaaocpunbHWM 


H opmoum monHxpoMa - 1 - 
TOCpiAribHWM 


HopMOUKTOKCHtpWnbHblM 

I 

•r- ' 



npoMeraKapnounT 



■' 4 ^ 

PeTwicynouMT 


► - * 

M©ra*capMOuwT 




MaKpocparvi 

KcboCoahwm h 

MHCtipoea H H bl m 
| Maicpocpar 
■■MKpaTvr-iecKHX 
yanoB 

nepMTOHeartbHbJiii 

Maxpocpar 

nnoBpanbHbiw 

Maxpocpar 

ocTooicnacT 

KnerncH 

MMKpO/lOrMM 
HepeMOfi CHCTGMbl 


Puc • 4 o 1 • 



Knacc nonunoTeHTHwx KneTOK- 
npeAiuecTBeHHMKOB 


Knacc MacTMMHO fleTepMM- 

pOBaHHUX nor»MnOTeHTHb4X 
KneTOK npefliuocTBeHHUKoa 


P n^M 4 >ono 3 TKiH 


Knacc yMMnoTeMTMbix 
•cneTOK-npofliu ©ct- 
B6HHI1KOB 




Kn©TKa-np©AUJOCTBOHHMK 
jiviM 4 >onoB 3 a 

T-nMM 4 »no 3 TMH 



npeALU©CTB©HHHK T -HUMCpOUMTOB npeflliJOCTBeHHMK Jt nHM4>04HT0B 


Knacc Mopcpono- 
rnM©cKM pacnoa- 
HaBaeMbtx npo- 

HM 4 >©pM pyiOLMHX 
KneTOK 



rina3Mo6nacT 



riponnaaMOLAMT 


Knacc 

co 3 posaK>L 4 nx 

KneTOK 


VI Knacc 
3 penbix 
KneTOK 






i Lna 3 MQ' H ^T 



flHM 4 > 04 HT 


CTOOlJliT 

HHT©/lbHOH 

Txann 


KyntpepoBbi 

KnOTKM 

neneHn 


MaKDOCparM 

anbBeonnpHbift 

Maxpocpar 

nerKwx 

cbo6oahwm v\ 

CpUKCkipOBaMHblH 

Maxpo4?ar 

ceneseHKM 

CBO 6 OAHWM \A 
4>b1KCVipOBaHHblk1 
MaKpocpar 
KOCTHoro Moara 


PMCo4,1 • COKOHM:iiHJ 4 e) 


i iV\\ a\ 4 a\\ ^ | CjUjLa . 119 ijJl 

;^lll <jc. c. jjj^'l ^Uaill ^ ^Ldl a ! x^)u ^^^13 

dll j^VI • 

4 _£il I SOolill • 

^Uaill S_jl jlj 4 id -v\l dlj^x>^)j]| 4-C. jxinxi • 


(jJ 6 L_J j£juj jjfld) 4 jVqMl 




jl jj,^j3 A-Ujuaj 4-ljg xxn jfi j-iidJl ^Jl IgJU^l <jl y -all did 4 j31^a11 ^^11 Ajjc. *Oj Jk-a 

^A j AjjojLxjVI 4 ^11 ^Jl AsL-aVL ^xujJ 4 .A^Jadll aLfc £ jxt x s\ ^Jll L-LuiIa J y^y . ^ 1 A is^y^ ^juaLi 

c> ^ .o^v 'll Aj^aldSl dL^xi^ll ^j>»» j 4iL-aL idLj S^C-Lua* j 4-La.Jajj dLiJd. ^ic- (J jjx^aaJl J JjJ^H j 4-vlU ^11 

:JU1 

l^j Aj^aldJl A ix^aill dLd^lx^oll j ^^11 (JjLd 4_x-aldJl AaJlx-oll ^)jx«oll (J£ ~ x iaJ dLLj oJiC-ls TjjjfL • 

tilLj t <sj L» a! 1 ^-2/laJlj (j^ajddlllj £tJ^)lj j C daj (J-dxJ (jl (j^H C5^^-J 

.AaiaJl Alo dLi^lx^]! aJiA Jl d^jxll 
(_£^)^1 (J Ac.Ll3a jl (J iWMt 0jLj Ac-Lla 4dt^xil • 

^Lja^Ll (jjjj^iUij ^C-Loix^j ^jjjaj^)I^H ^jjJa J t Q ^ j Ajjoal^p 4_jLiJju<i A ^ Jala jjjJj • 

Lol£j c^Ualll 1 J Aj^jlll S^Lll ft.VW'i dLJ] Aj jLJI Jjj^all L 3-ldaJj AaJlx-a ^Uai 1 g Jill (JjLh.aH J^C- 
A3^)x-a]l Ao ja'V a Jfc 4 _j£^ 11 S^ic-Lll Jdiixj J£V1 (JjLaaII (Ja. ^3 Jlaill 1 2lA AdlfLol d.H j Jlaill IjlA (_^j)"ujja 
J lllj (JjLaa Ac. ja'n a (Ja. ^Jl (J^-a JL ^ajuJ Jlllj Jl #>> dLajJ ^dllj 4 ol^A. ^11 (_£^La] 1 (jA J jVl 4 qI^A. *\\ 

jli A a J aLal! <5 2lA ^3 J»Ml IdLA ^LgjoI ^aJ AjI (Jl^ ^3 < ^Jaj 1 JlSA ^)Jjiaj ^LallLa]! ^juAjoiVi t ^J43tJ 

(J^i! A a> ,j^)Ja^]| JjUJ! JJ 10 ^juj ijllijuj j A 3l C1 jLq^Lla]| c_baia> t fioLjaJjjuj A^^laLalj 0 JlA 

(J^juIj JrJ! A_iC- ji ^l^jluj Ld lAA ^Ia^JjujIj lAdixj ^nn j 


JJJA*lti JjV^ 


^3 ^4 qV^A. *\\ ^\ Ajljjdo Ajujojj ^ jj ^.AjlII iAa\\ i^ja q£- (. Luo£il A AaC* Aj dV 

(j-ajdjaJ j JjUM L-inJall jl l^j ^-^1 4 jVqMl A3 ^*_-q l_l^j 4 aIL^JI j 4 ^jUull 4 \1 «v\l 

^J^ J £. jjuUll jdll (. <aVi J S < Qj dlj^)£]| Ail£ ^a^]| d)\j^)£ ^jja jJ ^AjJal^xil 

V ^ Uj3 jj 11a 6 ^jl jll dljj£il 

^J\j]| (J ^jJajJ .JaJa ■doll (j-a ^ikVl ^lajudll ^a AjtjJa jd^ll dlj^)£il ^Jl L_fll^)JaVl (j-a ^ j^fcl x>ll lx nil 

(jL ^Ia^^C. ^a ^ u XI ill 6^A J4SU ^JflJ dua. U^dJl ^1 jjl J£3 ^jlxnll ^a Uj3 Jjj ^ j.xl>.xla]1 ^ n XI ill 

( il x^->X> 


.16 


dlLujl jj JA 

[**<u H*<1 Q A \\ 


J4jjjj' 


C-Lbajl£j] 










6 - 8 % 

24- 

30% 

63- 

67% 

4% 




0- 

0.5% 

2 UlaJI 
<441 

8-6 

UJI 

340- 

640 

1800- 

2400 

4020- 

5040 

240- 

320 



180- 

200 

30-40 

2 UlaJI 

4 ^jlxnll 
(j'i-i^'L 


Aal£ (^^ja^ll Jjx^qMUj £daj dll^ ^a^ll ^aic. AjC- 6^33 C^llx^i^ ^jJaLdl (j^all (j-« 6^)jdVl ^l^C-Vl ^3. 

6 J£d31 6^jjlll t^aJl ;Aj31j3I ^a ^aII dlj j£^ jjjdl ^aVI cJ^V^ll .l-j! x^x>'1 j ^jLuJI dljj£ ^jjj dli^UkVl 

dU^ill (jj\ j Lft fil J^ll 4jjuaj J Ld j!^Jl (j^ajC. j ^Ic- Ajldll^ Li j!>L3lj Si jill AjjaiilL dli j 4_mll 

# dLj£il (j-a ^ jj J£3 ^gjjaull J^sLl ^jj ^jjjjlc. jx>jg 11 ^gic. ^1 jJ^-Vl j S jj* x^-i'l dL^ill J^c-j 




^All Ci bj£ (. iju/a* AjajjI 


CAliaBl AJ ic- ^jAa-iiCj L * Q ^ Jj ^aII CjUjo 4_BIAia]| A-aBlx aII 4 Uja ^11 11 (jl ^JjJa ijJ ^ aII jA 

Ia£a j ^jIjuj j! l-jLaoa ^aII jl aja^Bj ^.Auij ^Bllj R/R (jj jj^U ^>a^.VI j^BI jj^A Aaa 3 jA jjjABB SajlaII 
Cl il m \l c^1_jjj w A\ 4 Six 11 jo A A-iall 6 Ba L$j3 Aj jj ^1 CjLiixB BaBs A-aBLx aII AjuIBa j^AJ A A-iall £> Ba c_jLuo^j 

a A a-Bja IgBV (_£jB.VI 

^Jo LJj)*Bll ABj^laJ ^aAll ^ arCCB (. - Bo VI ^Bo A_Ba*BI SLiaBl 4^aAll (JdlaBj AjuB^A j)A AJ>^*BI BIUa 

200 ^jBj j % a\I <-** laB A-1 a*JI £jJaj ^aJJ IBa (JaxI # 0 ■• jjj^)5Lia1I ^IaBBjuAj (JBjulJ AjL^aII CBjjflll 

4 jj)xBl ^aJJ LaJ j)A j AJjBaII AjjuiBl O 2 ^ X tl'q 1j Clllj^)£Bl j)A (JB AAO L_lLaL^ ^aJJ j A_2^)£ 

jjj 4 flVlB^VI .(JjVaII gBa ^Bo I^Uj A7B1 4 -v ni ^ laatB j AjBBiCaII J)-L 1 aA]I (JjVa l - 1a AjL^-^aII 4CjIj^)£BI ^Bo 

cAjLujjVSBl AJLj)lall ^IaBBjoA ; t ^jjjl BLaII j jjlllj Jill! ^3 4CjI^)J»MI j ^Bo AaBxj AjL^oaII j A_aBjuBI CjIj^)£JI 

jl IaIo ^ABj3A 20 <JI J^>) J^B Cj £j ^1 l - inBall ^LlaJ ^lAaBjuib ^aAll JJaBj 4_mlall ^ajBj ( 


4jjlll 4 (_)£juBI^ ^uajL^X^Jl I^JA JJutJ Ajjalillj l ^ AJ JlSLli lij£ j 1 a A*J L«C Cj\j^)£Jl (J^ljtJJ Aij^)Jall ^jLaljVi 

^ 7 s - L > \ Ul '^ LS^ 0 L " ^ ^ (J^ t .(JjA jLoll 

A jl v ^^\\ j 4 ^jUl aJUJI ^3 ^a^ll ^j^\^a\ aJ^aliaj ^3 4 a^uhaII ^ jLalll ^jj ^io CjljLlJ oJlC-l3 ^)3jIlJ 

j ^aliaj oJiC-lill AiLjaU j ^.LjaC-Vi ^3 LoJ ^jLaijVi ^a^ll ^al laB 4 (J£i 

^a^ll i^_ya\^A\ C. L_fljui£JI A j\aC« AjajI l ±&. AJ A jj)^> a] I ^'iLAill tiilj ^a ^ ^ ^I^)a]| Cjlllxll ^)J J ~ iD A^jUsaJ 

qC- j^IaII (. Lui£J! AjjISaI j J_lLdl AaIaC. ^JjCj ^jLuajVi Q&- t Q iiCj (. Q ^ J L-LoiLaJl ^al JdLoiLj 

A qK\l j ^_J^)jud]| j})\<)\\ I^A ^)3 jIj ^jial^AVl 

^IjaII ^aUaiil A jqjJo ^]| a ^)jj^aj Ul (J-al ^) aI Cl ^C- ^jLaijVl L^_J (^Bi A^J^Jall ^gjh 

U^LiBl ^ja ^ (J£i S^iaaII JjVJ! AjujI^jC ^Ajc.1 u«o\I Ajj^)1I S^C-Ls (jia!^)A! ^jc- c. q/u^\lj ^alCBl J 

4 _joiIjAJ j ^ jBl CJnA CjUj£il c. <ajn^i l J Jj^ajc. J£3 JjV^I (JV1 ^ljalal!>l! LjJjujUaII ICaII jblkj (^£lAA 

Jc* J ^ -sa^Bl c_lujL1a1I IaiaII ^La»j] Bjajl a_jjJ3ja 3I CiVLaJI j a ajLuII aBUBI Ajj£11 AjjaBU Cjli!^lkVl 

^gA j ^aUaBl IBa ^ l. CjUjIula Ajl) Ij (j^AJ I^A j # ^jiajA3l cj>^ c QjuAn Aj^ICBI JjV^I 

; a_BLBI 

^)ia^)A]| ^ jj JUCC (jj^ ^jLn j! ^jiaJ^jA ^a^B A na> \\ Cljl£ IBI Laj 3 j R/R AjjaBI 
^B AjjIaII AjjulBI j ^ J£J AjjaBU CjIjj£ 3I ^gBaxj j CjUj^II ^ 

^)ia^)A]| ^ ^jtg_B! xViMl ^Basu j (jja^Al! 

: aJLBI CjI jJo'nWj ^a^Bl C_Aj^)£ c. qju^il Aja^^jI adii 

^a AaaBI oBa Aj^jIBaj j R/R AaaBI l_jLa^. tBIB (j!>La. J A m \l B^)jA^a ^gBc. (_^ jBa> a\I L_aLBl 6^l^)3 ^Bj # ) 

Aau3 i^ja A Ajq'l oBa (j\ (jLa, j AjJsj^)a jl A ajLu Alixil oBa CBl^ IBI Laj 3 JuJiao (j^AJ SAW aII A m \\ 
jL.\ Bajc. Ay\\* a\ AajLa AliaBl oBa £)\-i IjI j 3 ^aUaBl V] j A^LBl £-BBj UjU AjBxJI 

^BVl ^I^jaLaVI A_Bac. j ^^)jaj Laa AlkcBl S^)jA^ail ^c. jBl Qn^Vill l. \ tBlBj ;A_jj1aia]| A 'nW * a\\ ' \ 

^ jAaBl AjAaB tSjjj^ll (Ja AjjUj A^jaj jl^c.] tAjq^WBl ;ABLB! CiLBaxJI Aiiij l^B!>La. ^alij jjjaIBI JjV-B 
AaB13 jA Aia.jA]| gBa A ^jTi # AjjaA 1^BI Cj^LijaAll 4 jjAaUxJl 6^B AjtisVl AiAaB tSjjA-all jjasUxJ A-ia.jLaBl 

/SjjA-all 6^_J CjIjj£J! Clljj|Aa.lj 

JIaBI j A qVj-sxBl jjjAjll jjasI ic. ^1 A^BjaIj A_jj^il ^ c > Uti^ c. qjuWBl j CjUj£ 3I c > il 

.^... 

.^iLBI ^aB L^j ^^ajaa]| l_laBI jXa I^Bj^jIBa j ajjIB! AaaBI ^Bc. (J ^j^aaBlj ^ jj (J£ aac. l_jLa^ # £ 

(jia^A (J^B Aj^^s a\I ^BLaBI ^jasUc- £a c. q n^o\l ^jAjJa ^4^)^ (J^ aBjUsaj <^BBj ^)ia^)A]| 4 Uu*\ c. q i nWBl 


BiMl ^UaC- l j ABjLaII S j)o j s \1 


all IBa ^gBl AjjaBU 


^aJJ C-L12k 40! 

C5 1a3jaA3I c 


cillB jl 4 qu^>ll IBa ^Bl Aj^j£BI ^LaBjU ^l^ill BLaAl # "l 

lUlnll SAc-IB ^ AB^a-All ^-BLaBI ^a 6 jjjaj aI_>a!I ^AuaBl AijtaAJ ^Bj jjjaBII j c. qjuWBl aJLaa LBac. 
Bll ^aAaBjAj CjLBac. Ia£a CBIBI£aI c qAgj .^^aBl Ia^B S J^aaII JjVaII Ail£ l_jLa^. (^Aia cJ^aj 


Sac-Is b>a aIBaII oa^B aBjI I^aII ^BLaBI ^a BaBs j ^(JjVa Ac. ja^ a^ aIBa a^jj ^BjaLaj (J£jajj 



^ <3jtLJl l_j jILaII ciis jll tillij 

]^a_lLud]| ^3 CAjj^II < 9 1 H<o*n Aj^aL^JI 4_L<a^^)l Jala^-all U^5 1 (_)£J (JjV^ 


Image input 

/ 


RGB to HLS Transformation 

I 


Creating of Color Histogramms 


Inverse Transformation to RGB Color System 


computation of fi Iteration's limit 


Abbreviation of image colors 


Classification by colors 
r 



/ result output / 

/ _/ 


i JLlliAi .120 ^ ui . 



ljLjS ljLuu^ 

AjJjudJl (jdaJl <.4VWl j dale. Jl ^Lud^-VI O^A ^UuVij j! (Jj^aild <J£juLJ ^Aud^-VI (jLudjVl l. Urt'Nj 

(jt£ (_£^)j^)jJa]| (j-a tAajli Ac.^)judJ 4_i£jjud]| ^lc« Ac. ^AxJl 4 tjUtl ^*1 kk\y^\ ^^C. L-lLud^. 4jj^aL^. 

LgJjujV J ^)jj^all ^jjj ^*1 j 4 ^ \1 a a L— )1 jbc. S^jli tg-1 L cJ ^C.Uj^all \ v>ijl 4_i^aL^Jl a^A £.UaC.j 

6^A ji (J^ (j-® dj lU^)£il J^C. L-lLud^J (ilb j ^C.1 U^-llI ^bVdllj (j C. L_Lud£il AlLulxi 

^Lud^^U 4_i^.^Lk]| J j,^aJl ^)Jajudll (J ^Ja ^Ic. 4 VqYbll Aj^j-ataJl Ja ^Ja^Jl dilaJalij J^C. L_)l ^Ic. dA_L<i^^)l ^dSl 

aJJ c£lb *lxJ J ^gJL^Vl L_Lud^Jj 6 ^)jL^a]| Ja ^Ja^Jl c3^ LS^ cJ )><, °^ ' l dUj lA^^C. L_)ljud^, 6^)jj^all 

jn\u 4 ^ \1 a x> (j-a 4_ixi^^l _>dl! a^A .^lAiM S^jj^all ^Lud^.Vl ^Ic. j 4 ju^)I ^Ac. 

6^)jj^all ^Lud^.^11 4 _i^,^L^J| ^)tgJab ^xujdj ^j]| J Adllc. jk d lb Q^lll 4 f)\ n a^jj^^a ^Ac. (J jj^a^ll 

. jjj^all 4-sll^ L_jIj£ ^ IgjJajC. ^^jll djl_pl^)*Al Alb ^bVbib 

g(x,y) = G[f(x,y)]. 

jLl ^^C. ^gJc. ^jk J tilb jl l^gA Ajj£ 3I *Uul (jC. ^laill (jlaxJ dbj£Al ^.^C. CjLuaJ Aljbll AajjJall 

R = fa (F) = al - a2 + a4, 

^^c. ~a2 ^4 jVilMl o^jjj^all X 4 x>jq\l dib Jabill ^^c. ~al 4_11aa]| 4jjudLudVI Aajq^^x>\l ^A - A du^ 

. 1 4_*dl! Cjb ojjLadJl Jalij £JjV I J^C. -a4 1 1 4^<ukll Cjb Jaldll CjUjUj 

Sjjj^al! 4-i^.jL^Jl J ^JUU* ^.^dlLudj ^j>ia jll 1 g ^>>a 1 ^ic. ^Lud^Vl^) b!>ld]l ^jJaj-dJ jdlj A!l j] c. \ 

^I.^VuuIj 4-iIaxJI 6^A AL-^Alq C^bj£ ^J! ^j>ia jll 1 g k^* \ l3J^ AxjJaj^lL ^]! j 4*A^2A1a]| C^1jj£]! ^jj c. :> m 

a (i j): :%JJ^\ AJbll a J±^ \ AJW! 
b (i,j) = & (i+T, j+t), T, t... { o, + 1 }; 






















i ^ uLjj 


( Jj ^ aa^l ^ joi ^) 1 I Cja ^!j j-ojll ( J ^ l^a C ali^aJ ^]| ClAj^)£J * 1^.1 j LS^ 0 **" )A " ] 04 ^ ^ 4 A -^ Jj 4 

^Jjoij ^gJl ^g^uli CjUj£j| O^A (J^a*J <j| C-Ll^ CjUj£ 9 jl-U^I ^ Cj lULill fiJlC-Uj <C- J-aa^<i£ CjLj£J 

jIaIIj A lajuj jlftll AiLouxll C-jLua^ ^aOj (. fll i x ^a V I AAjLLoaII ^j3 L-jLuo^ JaULujVl IAia ^'. W'u.'l j tc au^>ll 

;^utlill a^A ^JUll ^jJajj c — s ^‘ L aHIoaSI 

.17 fSj JjM 


^JUdljUdVi A ill 

C al i x 1 4 _ 1 ojuj j 1 a]I ^ Luoa !) 

4 _ sX 1 oa 1 | 4 in ^ \ /\\1 4 ft ! i n a'I 

1 

0,48 

0,19 

2 

0,58 

0,2 

3 

0,61 

0,11 

4 

0,63 

0,13 


^j£wOJ (4 qIUaII AiLuuJl Jajud jlLoll j (. qln^VI (j4J AiLai^ll Jajuj jILq) a^A 4 q 4 U^\l ^I^VutiL 4j| ^jJa jj 0jl2i]| a 2iA 
aJiA 4j jILoj J^Lxk-oll ^-ojuoj Lo£, .4 jij\U^\ 1 c <i\u«oVI i t u*i*\ j-aill 4 ^ u*i"\ ^ IjiA dilj_j£ c qju^il 


• MJ 


Ml 





.123 fSj ^jll 



o 

itfk 


5 O Cl 


t fll u/iVI 4 a 4 k a\\ c_jLua^J iallru^VI \±±a 124 ^ UJ . i^t 
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pJb I ^ya oA^.1 j ^A A_aJl*-all AaLaaJI l ~ >1 qjj ^ya 'ijujSLlI oAjlill ^ix ^Q-vjV 

A aJl x t ..'v j ^11 jjj *'\\\ j A-aJajl - ■ i^xl ilx, el^All t ajlL j 

j \y, t j A aJl x aj A . A. \l ^A A-all» a]' A a t jaxcull j 

lAA jA (_£A]I jjj aIax^ JlN'* 4 jjAajl] La^j5La AxJlstail \ g ajajJj 

jjj r*\\ dFJ - AjlL Al^Aall j k, ^.\\ A j. II ■» ^ AlLxa AjIj jj^ail jjj-aj ( Sjju .cJ&ll 

jLiLkl jj'^j . VUa.1'1 j) / j ->\ar*i\| ^ ^ j ^ A K < flLlk-a'il A^.1 Ajlx Alkali L “A 

(Jj^A jlil^.1 AjIaX AAaJ .Ailli^allj lAa. ojjj£1| jjjaull (jjj jA jjxajll jj^A Ax. 

jl_ua.l ;< JUL JJJ A_ilaX A_aJl*-all ^alJaj ijM A. ^ ^ j j~'i . » a loll 1 ^ x Ajil5al j ^jjaajll 

.( jjjajll j>A IX.) Jj^aII AiL (i—SJjsu) i i./ij . jll^all jna~i'l I Ala ^jlc. AliiaVlj jiaai]l JFN Axja^a 

Axl^$3 ** ' j A „\1 ^ ALaillj A . A. \1 £a A^oj&ll oAA 4<ail AjLLLaII jjjljt-a L_iLuia. 

iLaill Ax j-aa-a I. ^1 \'bA jljall Aki diULull 

^ fij jIjCLj ^ ^ a jxh CaSLaJ ^U<JI IAjj _ j y. jjj A aJajl jj fzu ^ jJa j CjljAlj IaA ^Jaxj 

jLajlj A a) LaAaAaxall (JIjAII ^jLaj Jiojj l^xl^jlj - U. \ 1 0 AA 

4 ^ v ,A~i , .. s>\\ j (.A jjxull dN - (jc. Alali "bjfl ^Ja*j / till A j! IaA Alkali ^Laljlj 

l^yaxA (jx (J - ^»a a\1 cJa^J (Jj^A fjtlNI LaA^Lxail -j)a%\l ^ya^xj La£ i^ALajll A alajl 

j > — ' - S (JLaaCLaij A y f l)j ' _ Aj^Lall j jn/il A L 3 M. 11 .all ^aLlo 1^_uj Jyxajll ^A Lxa 

.(Jla-all lAA (^1 ^uUj < _ r Laxjj ( jj^all AxJl*-a i—lUS ^ Aa,j jAAail Ajj jl]| CjiLijaAll ^lAaAluU t jjxaj 

A ‘nx a (Jj La aJ AaAxaII jjj A^alajl ^jx a±i ^ j >~.~j 



